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The Federal Railroad Administration has been engaged in several, 
programs aimed at the improvement of passenger train service in the 
Northeast Corridor (NEC). The trip times of 2 hours and 40 minutes 
between Washington/New York and 3 hours and ^0 minutes between 
Boston/New York required under the 4-R Act (Public Law 9^-210) is 
now being approached in regular service with Amfleet trains.

The Amtrak Improvement Act of 1978 (Public Law 95-^21) amended 
the 4-R Act to require that the Secretary develop vehicles capable 
of providing 2:30 and 3:00 hour trip times between the respective 
city pairs.

To achieve these travel times, it is necessary to either 
increase the.train speeds on curves or eliminate the curves. Cost 
estimates to straighten the track are in the 870 million dollar 
range and cost estimates to develop and deliver a new train which 
can traverse the curves at increased speeds is in the 87 million 
dollar range. As a result, the most cost effective method of 
achieving the reduced trip times is to add a tilt system to the 
existing Amfleet cars. For'any specified lateral acceleration 
limit (established for passenger comfort) a tilt-body passenger 
train can traverse a given curve at a higher speed than a corre
sponding non-tilting train. For this reason, tilt-body technology 
has the potential to significantly affect a. reduction in passenger- 
train trip times, not only on the NEC, but on any passenger route , 
in the country which possesses a significant number of curves.

1.0 INTRODUCTION



1

The Budd Company has independently conducted analyses of car- 
body tilting systems developed by other manufacturers throughout 
the world, to determine, if an existing tilt system could.be adapted 
to an Amcoach to increase its curving performance. In every case-, 
extensive modifications to the Amcoach body including loss of seats 
would be required to accommodate these, systems.

As a result of this research, design, and analysis, The Budd 
Company has developed a simple tilt system that provides the 
required passenger comfort level at higher curving speeds. This 
simple tilt system can be installed on an Amcoach with minimum modi
fications to the truck and carbody, and will provide the most cost 
effective means of reducing trip times. • .
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2.0 OBJECTIVE

The objective of this joint FRA/Amtrak/Budd project is to 
demonstrate by test the existing Budd Company design for an Amfleet 
tilt body system. The objectives of these tests is to demonstrate 
the ability of the Budd Tilt Body System to increase the curving 
speed of a retrofitted Amfleet coach without increasing the lateral 
accelerations experienced by the passengers and to verify the com
pliance of the car with the clearance constraints of the Northeast 
Corridor.

The tasks performed in the March, 1 9 8 2  tests were mechanical 
equipment function test, response time evaluation, clearance test
ing, and a demonstration road test. The tasks performed in the 
July, 1982 tests were to evaluate adjustments, to the system for 
performance improvements and to explore extreme operating condi
tions to assure system safety in both tilting and non-tilting ser
vice. An additional objective of this project is to provide a 
detail evaluation of system performance and to report conclusions 
to FRA, Amtrak, and others in the form of a final report.

3 -



3.0 CONCLUSIONS

The major conclusion that can be drawn from the evaluation pro
gram is that the Budd Tilt Body System provides an effective means 
of reducing trip times by increasing the speeds on existing curves 
while maintaining passenger comfort.

The Budd Tilt Body System incorporates on/off control, accel
erometer sensing, pneumatic power, and torsion bar actuation into 
an integrated effective system. The concept implementation has been 
demonstrated to be a simple retrofit with minimum modification to 
carbody and truck, no loss of revenue seating capacity, and no 
hydraulics. Compatible air and electrical power consumption 
requires no change to present equipment capabilities.

Operational testing of the system during the March road test 
revealed some areas where adjustments could be made to improve the 
dynamic response of the tilt system. The July road test activity 
demonstrated the following adjustments were effective:

* The accelerometer output signal filtration was adjusted for 
minimum delay,and maximum spike exclusion resulting in virtual 
elimination of multiple system actuations due to variations
in a curve.
• The air supply to the solenoid pilot valve was modified to 
remove flow restrictions resulting in improved response.

Analysis of the collected test data indicates that an increase 
in roll stiffness of the tilt car is desirable to reduce the tendency 
of the tilt car to roll outboard on a curve prior to actuation of

H



the tilt system. A change from the three-convolute air spring used- 
on the tilt car to a modification of the two-convolute air spring 
used on the standard Amcoach is being studied. The area change 
rate characteristics of the modified air spring will supply the 
necessary increase in roll stiffness and the extended stroke range 
requirements of the tilt system. The -change to the modified double- 
convolute air spring is recommended for the final design.

The ability of the system to operate reliably has been demon
strated throughout the test program. The only problem requiring 
equipment repair was associated with the train line dual air supply 
feed to the leveling valve on board all Amcoaches and was not 
related to the tilt system. The problem was resolved by replacing 
the contaminated valves for the continuation of the test. A per
manent resolution is proposed wherein a single line from the car 
air reservoir, which is supplied with air from both air supply 
lines, would replace separate lines and check valves presently in 
use.

An inspection of the tilt hardware removed from the car after 
testing and revenue service with the tilt system disabled showed 
the equipment to be in good condition. There were no signs of wear 
or fatigue to indicate that the equipment would not have a service 
life comparable to other under-car equipment. One collar retention 
pin on a mechanical down-stop' sheared off during testing without 
interrupting normal operation of the system. The final equipment
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design will incorporate a more secure collar retention. Better , 
sealing is required to retain lubricant in ball joint located at 
the end of the tilt arm. Replacement with a rubber bushing is 
being considered.

During the road test, a gap appeared between the diaphrams of 
the tilt car and a nonrtilt car. This situation will be corrected 
with a wider diaphram face plate.

Observations of the general ride quality of the car and 
associated Amcoaches indicate that the lateral suspension shock 
absorbers should be retuned for transient track disturbances.
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4 , 0  D E S C R I P T I O N  O F  T I L T  S Y S T E M

4 . 1  G e n e r a l

T h e  B u d d  T i l t  S y s t e m  I s  d e s i g n e d  t o  b e  r e t r o f i t t e d  t o  t h e  

e x i s t i n g  A m f l e e t  c o a c h  w i t h  a  m i n i m u m  o f  c a r b o d y  a n d  t r u c k  m o d i f I -  . 

c a t i o n s .  T h e  s y s t e m  u t i l i z e s  a s i m p l e  o n - o f f  c o n t r o l  a n d  is 

p o w e r e d  b y  a  p n e u m a t i c  a c t u a t o r  w h i c h  r e q u i r e s  t h e  a d d i t i o n  o f  a n  

a u x i l i a r y  a i r  r e s e r v o i r  t o  i n s u r e  a n  a d e q u a t e  s u p p l y  o f  p r e s s u r i z e d  

a i r .

T h e  t i l t i n g  o f  t h e  c a r b o d y  i s  a c c o m p l i s h e d  b y  a p p l y i n g  a n  

e x t e r n a l  m o m e n t  t o  t h e  s e c o n d a r y  s u s p e n s i o n  t o  t i l t  t h e  c a r b o d y  

w i t h  r e s p e c t  t o  t h e  t r u c k .  T h i s  m o m e n t  is g e n e r a t e d  b y  a  s p l i t  

t o r s i o n  b a r  w i t h  a n  a i r  c y l i n d e r  a n d  p i s t o n  r o d  c o n n e c t i n g  t h e  t w o  

h a l v e s  o f  t h e  b a r .  W h e n  t h e  a i r  c y l i n d e r  i s . a c t u a t e d ,  t h e  a r m s  o f  

t h e  t o r s i o n  b a r  ( o n e  o n  e a c h  s i d e  o f  t h e  c a r b o d y )  r o t a t e  i n  o p p o 

s i t e  d i r e c t i o n s .  T h i s  o p p o s e d  r o t a t i n g  l o w e r s  t h e  c a r b o d y  o n  o n e  

s i d e  w i t h  r e s p e c t  t o  t h e . t r u c k  a n d  r a i s e s  it o n  t h e  o t h e r ,  t h u s  

p r o d u c i n g  t h e  c a r b o d y  t i l t .

T h e  c o n t r o l  s y s t e m  u s e s  t w o  l a t e r a l  a c c e l e r o m e t e r s  m o u n t e d  

o n  t h e  l e a d  truck.. W h e n  b o t h  o f  t h e s e  a c c e l e r o m e t e r s  r e g i s t e r  a n  

a c c e l e r a t i o n  l e v e l  e x c e e d i n g  a p r e - e s t a b l i s h e d  l a t e r a l  a c c e l e r a 

t i o n ,  t h e  c a r b o d y  is t i l t e d  t o  i t s  m a x i m u m  p o s i t i o n  a t  a  p r e - d e -  

t e r m i n e d  r a t e .  W h e n  e i t h e r  o f  t h e s e  a c c e l e r o m e t e r s  r e g i s t e r  a n  

a c c e l e r a t i o n  s l i g h t l y  b e l o w  t h e  p r e - e s t a b l i s h e d  l e v e l  f o r  t i l t ,  

t h e  c a r b o d y  is r e t u r n e d  t o  i t s  n e u t r a l  p o s i t i o n  b y  e x h a u s t i n g  t h e  

c y l i n d e r  a i r .  T w o  a c c e l e r o m e t e r s  a r e  u s e d  t o  I n s u r e  t h a t  o n e
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f a i l e d  a c c e l e r o m e t e r  w i l l  n o t  c a u s e  t h e  s y s t e m  t o  t i l t  o r  p r e v e n t  

i t  f r o m  r e t u r n i n g  t o . n o r m a l .  A d d i t i o n a l l y ,  t h e  t i l t  c o m m a n d  is 

n u l l i f i e d  u n l e s s  t h e  c a r  i s  t r a v e l i n g  o v e r  6 0  m p h .

T h e  o p e r a t i n g  c r i t e r i a  f o r  t h i s  s y s t e m  i s  t o  u t i l i z e  t h e  

m a x i m u m  a v a i l a b l e  t i l t  a t  a l l  t i m e s  a n d  l i m i t  t h e  q u a s i - s t a t i c  

l a t e r a l  a c c e l e r a t i o n  e x p e r i e n c e d  b y  t h e  p a s s e n g e r  t o  t h e  p r e s e n t  

v a l u e  o f  .05 g ' s .

T h e  t i l t  a n g l e  o f  t h e  e x i s t i n g  A m f l e e t  c o a c h  a n d  t r u c k  is 

l i m i t e d  t o  4° b e t w e e n  t h e  c a r b o d y  a n d  t r u c k  b u t ,  u n l i k e  o t h e r  t i l t  

s y s t e m s  w h i c h  m u s t  c o m p e n s a t e  f o r  t h e  r o l l  o f  t h e  s e c o n d a r y  s u s 

p e n s i o n ,  t h e  c o m p l e t e  4° i s  r e a l i z e d .  T h e  a d d i t i o n a l  c u r v i n g  s p e e d  

t h a t  c a n  b e . a c h i e v e d  w i t h  a n  A m f l e e t  c o a c h  e q u i p p e d  w i t h  t h e  t i l t  

b o d y  s y s t e m ,  over, t h e  s t a n d a r d  A m f l e e t  c o a c h e s ,  i s  a n  i n v e r s e  

f u n c t i o n  o f  t h e  s u p e r e l e v a t i o n  o f  t h e  c u r v e  b e i n g  t r a v e r s e d .  A s  

t h e  s u p e r e l e v a t i o n  o f  t h e  c u r v e  i n c r e a s e s ,  t h e  p e r c e n t  a d d i t i o n a l  

s p e e d  i n  c u r v i n g  d e c r e a s e s .  O n  a  2" s u p e r e l e v a t e d  c u r v e ,  t h e  

a d d i t i o n a l  s p e e d  d u r i n g  c u r v i n g  is a p p r o x i m a t e l y  3 3 $  m o r e  t h a n  t h e  

s t a n d a r d  c o a c h ;  o n  a  4" s u p e r e l e v a t e d  c u r v e ,  t h e  a d d i t i o n a l  s p e e d  

is 2 5 $ ;  a n d  o n  a 6 ,? s u p e r e l e v a t e d  c u r v e ,  t h e  a d d i t i o n a l  s p e e d  is 

2 0 $ .

I n  o r d e r  t o  o b t a i n  m a x i m u m  b e n e f i t  f r o m  t h i s  t i l t  s y s t e m ,  t h e  

s p e e d  p r o f i l e  o f  t h e  t r a i n  s h o u l d  m a i n t a i n  a  c a n t  d e f i c i e n c y  i n  

a l l  c u r v e s  o f  7 ” • A t  t h i s  c a n t  d e f i c i e n c y ,  t h e  t i l t  s y s t e m  w i l l  

f u n c t i o n  s o  t h a t  t h e  p a s s e n g e r s  e x p e r i e n c e  a  q u a s i s t a t i c  l a t e r a l  

' a c c e l e r a t i o n  o f  .0 5 g ’s. O n  t h e  s t a n d a r d  A m f l e e t  c o a c h ,  t h e
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T h e  B u d d  T i l t  B o d y  S y s t e m  w a s  f a b r i c a t e d  a n d  i n s t a l l e d  o n  a 

s t a n d a r d  A m f l e e t  c o a c h  f o r  t h e  e v a l u a t i o n  o f  t h e  d e s i g n .  T h e  

s y s t e m  c o n s i s t s  o f  a  m o d i f i e d  A m f l e e t  I I  t r u c k ,  a i r  a c t u a t e d  t o r 

s i o n  b a r  a s s e m b l y ,  a i r  c o n t r o l  v a l v e s ,  a c c u m u l a t o r s ,  t r u c k  l a t e r a l  

a c c e l e r o m e t e r s ,  a n d  a n  e l e c t r o n i c  c o n t r o l l e r .  T h e  A m f l e e t  c o a c h  

u s e d . f o r  t h e  t i l t  s u s p e n s i o n  t e s t i n g  w a s  C a r  # 2 1 1 8 3 .  T h e  e l e m e n t s  

a d d e d  t o  t h e  c a r  f o r  t h e  d e m o n s t r a t i o n  i n c l u d e :

1) a  t r i p l e - c o n v o l u t e  a i r  s p r i n g  t o  p r o v i d e  m o r e  d i s p l a c e m e n t  

a n d  a c c o m m o d a t e  t h e  e x t r a  m o t i o n  t h a t  a c c o m p a n i e s  c a r b o d y  

t i l t  a c t i o n ;

2) a  s p r i n g  p l a n k  s i m i l a r  t o  t h a t  u s e d  o n  t h e  S P V - 2 0 0 0  t o  

s t a b i l i z e  t h e  a i r - c o i l  s p r i n g  s u s p e n s i o n ;

3) K n o r r  l e v e l i n g  v a l v e s  m o v e d  t o  t h e , e x a c t  c a r  c e n t e r l i n e  t o  

a t t a i n  s y m m e t r i c a l  t i l t  c h a r a c t e r i s t i c s ;

4 )  .. a i r - o p e r a t e d  m e c h a n i c a l  d o w n  s t o p s  to..limit t h e  m o t i o n

b e t w e e n  t h e  c a r b o d y  a n d  t r u c k  b o l s t e r  i n  n o n - t i l t  s i t u a t i o n s  

w h i l e  a l l o w i n g  t r a v e l  b e y o n d  t h e  s t o p  p o s i t i o n  d u r i n g  t i l t  

o p e r a t i o n s ;

5) t h e  r e m o v a l  o f  t h e  b o l s t e r - m o u n t e d  r o l l  o r i f i c e  c o n n e c t i n g  

t h e  t w o  a i r  s p r i n g  r e s e r v o i r s  t o  i m p r o v e  r e t u r n  t o  c e n t e r  

o p e r a t i o n ;

6) m a g n e t i c  s p e e d  p i c k u p  t o  s u p p l y  s p e e d  a n d  d i r e c t i o n  i n f o r m a 

t i o n  f o r  t h e  c o n t r o l l e r ;

7) a t t a c h m e n t  p o i n t s  f o r  c a r b o d y  m o u n t e d  t o r s i o n  b a r  a s s e m b l y  

f o r  t i l t  a c t u a t i o n ;

m a x im u m  s p e e d  o n  c u r v e s  i s  e q u i v a l e n t  t o .  3 ”  c a n t  d e f i c i e n c y .
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,8) t w o  a c c e l e r o m e t e r s  m o u n t e d  t o  t h e  t r u c k  b o l s t e r  t o  p r o v i d e  

t h e  r e q u i r e d  s i g n a l s  f o r  b o t h  a c t u a t i o n  o f  t i l t  a n d  r e t u r n  

t o  n o r m a l ;

9) a  s o f t  p r i m a r y  s u s p e n s i o n  a s  u s e d  o n  s t a n d a r d  A m f l e e t  II. 

t r u c k s ;

10 ) t r e a d  b r a k e s  m o u n t e d  l o w  o n  t h e  s i d e  f r a m e s  f o r  c l e a r a n c e  

c o n s i d e r a t i o n s  t h a t  a c t  t o  s u p p l e m e n t  t h e  d i s c  b r a k e s .

I n  o p e r a t i o n ,  t h e  B u d d  Tilt. B o d y  S y s t e m . w i l l  t r i g g e r  o n l y  at 

a  p r e d e t e r m i n e d  l a t e r a l  " g ” l e v e l  o n  t h e  t r u c k .  W h e n  t h e  t i l t  

- s y s t e m  i s  a c t u a t e d ,  it t i l t s  t h e  c a r  t o  a m a x i m u m  a n g l e  a n d  h o l d s  

i t  t h e r e  u n t i l  t h e  s i g n a l  d r o p s  b e l o w  a  l o w e r  " g "  l e v e l  c a u s i n g  

t h e  m e c h a n i s m  t o  r e t u r n  t h e  c a r b o d y  t o  i t s  n o r m a l  p o s i t i o n .  A n  

a c c e l e r a t i o n  l e v e l  o f  0 . 0 4 g ’s w a s  s e l e c t e d  a s  t h e  t i l t  a c t u a t i o n  

l e v e l  a n d  a n . a c c e l e r a t i o n  l e v e l  o f  0 . 0 3 g rs w a s  s e l e c t e d  a s  t h e  

r e t u r n  t o  n o r m a l  l e v e l .

F i g u r e  4 - 1  s h o w s  a  m e c h a n i c a l  s c h e m a t i c  o f  t h e  s y s t e m .

F i g u r e  4 - 2  is a  p i c t u r e  d r a w i n g  o f  t h e  T i l t  A r m  a n d  T o r s i o n  

B a r  A r r a n g e m e n t .  T h e  s y s t e m  is s h o w n  w i t h  t h e  c a r b o d y  t i l t e d  t o  

t h e  r i g h t .  T h e  o p e r a t i o n  is a s  f o l l o w s :  t o  t i l t  t o  t h e  r i g h t ,  

t h e  a i r  c y l i n d e r  a n d  p i s t o n  r o d  a s s e m b l y  is r e t r a c t e d .  T h i s  

c a u s e s  t h e  t i l t  a r m  o n  t h e  l e f t  t o  r o t a t e  c l o c k w i s e  l i f t i n g  t h e  

c a r b o d y  w i t h  r e s p e c t  t o  t h e  t r u c k  a n d  t h e  t i l t  a r m  o n  t h e  r i g h t  

i s  r o t a t e d  c o u n t e r  c l o c k w i s e  l o w e r i n g  t h e  c a r b o d y  w i t h  r e s p e c t  

t o  t h e  t r u c k .  T h i s  a c t i o n  c a u s e s  t h e  c a r b o d y  t o  t i l t  t o  t h e  

r i g h t .
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F i g u r e  4 - 3  s h o w s  t h e  t i l t  t r u c k  m e c h a n i s m  I n c l u d i n g  a i r  

c y l i n d e r ,  p i s t o n  r o d ,  t o r s i o n  b a r  a r m ,  tilt, a r m s ,  t r u c k  a t t a c h m e n t  

l i n k ,  t r u c k  b o l s t e r ,  a n d  c a r b o d y  a t t a c h m e n t  f o r  t o r s i o n  b a r  

a s s e m b l y .

F i g u r e  4 - 4  i s  a  c r o s s - s e c t i o n  t h r o u g h  t h e  b o l s t e r  s h o w i n g  

t h e  l o c a t i o n  o f  c o l l  s p r i n g s ,  t h e  s p r i n g  p l a n k s ,  t h r e e - c o n v o l u t e  

a i r  s p r i n g s ,  a n d  t h e  d o w n  s t o p s .

F i g u r e  4 - 5  Is a  v i e w  o f  t h e  u n d e r  f l o o r  a r e a  s h o w i n g  t h e  

l o c a t i o n  o f  t h e  v a l v e  m o d u l e ,  a c c u m u l a t o r ,  t i l t  m e c h a n i s m  a n d  

t r u c k .  E a c h  e n d  o f  t h e  c a r  i s  s i m i l a r l y  e q u i p p e d  a n d  is f e d  f r o m  

t h e  m a i n  a i r  r e s e r v o i r .

F i g u r e  4 - 6  is a  c r o s s - s e c t i o n  o f  t h e  d o w n  s t o p  s h o w i n g  a l l  

o p e r a t i o n a l  e l e m e n t s .  T h e  u n i t  is b o l t e d  t o  t h e  b o t t o m  o f  t h e  

t i l t  t r u c k  b o l s t e r  at t h e  c e n t e r  o f  t h e  a i r  s p r i n g  a n d  e x t e n d s  up 

t h r o u g h  t h e  a i r  s p r i n g  t o  m a k e  c o n t a c t  w i t h  t h e  b o t t o m  o f  t h e  

s p r i n g  p l a n k .  I n  t h e  n o r m a l ,  n o n - t i l t  p o s i t i o n  ( n o  p r e s s u r e  i n  

t h e  t i l t  c y l i n d e r ) ,  t h e  s t o p  is c o n f i g u r e d ,  as s h o w n  i n  F i g u r e  

4 - 6 ,  s u c h  t h a t  t h e  s p r i n g  p l a n k  w i l l  c o n t a c t  a  c a p  (7) t h r e a d e d  

t o  t h e  e n d  o f  a  s h a f t  (3) w h i c h  i s  g u i d e d  b y  a s e a l  (1 0) a n d  

s l e e v e  (2) i n  t h e  m a i n  h o u s i n g  (1) s u c h  t h a t  t h e  s h a f t  c a n n o t  m o v e  

b e y o n d  t h e  b l o c k  (8) w h i c h  is also, s u p p o r t e d  b y  t h e  h o u s i n g  (1). 

W h e n  t h e  c a r  i s  t o  b e  t i l t e d ,  a i r  i s  a p p l i e d  a t  t h e  i n l e t  p o r t  

f o r c i n g  a  p i s t o n  (5) t o  r e t r a c t  t h e  b l o c k  (8) a g a i n s t  t h e  f o r c e  

o f  s p r i n g  (9) t o  a  p o s i t i o n  t h a t  w i l l  a l l o w  t h e  s h a f t  (3) t o  m o v e  

t o  t h e  b o t t o m  o f  t h e  c e n t r a l  h o l e  i n  t h e  h o u s i n g  (1). W h e n  a i r
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i s  r e l e a s e d ,  the. s p r i n g  (11) r e t u r n s  t h e  s h a f t  (3) t o  t h e  f u l l  

" u p "  p o s i t i o n  l i m i t e d  b y  a  s t o p  (12) a s  t h e  s p r i n g  p l a n k  r e t u r n s  

t o  n o r m a l  p o s i t i o n . ,  S p r i n g  (9) r e t u r n s  t h e  p i s t o n  (5) a n d  b l o c k

(8) t o  t h e  n o r m a l  s t o p  p o s i t i o n  a s , t h e  s h a f t  (3) e x t e n d s  t o  t h e  

f u l l  " u p "  p o s i t i o n .  .>■ v ; '

f i g u r e s  4 - 7  A & B  s h o w  t h e  d o w n  s t o p  i n  t h e  " u p "  a n d  " d o w n ” 

p o s i t i o n s ,  r e s p e c t i v e l y .

. T h e 1 t r u c k  b o l s t e r  r o l l  o r i f i c e , ,  l o c a t e d  b e t w e e n  t h e  l e f t  a n d  

r i g h t  a i r  s p r i n g  c h a m b e r s ,  w a s  c o m p l e t e l y  r e m o v e d  f o r  t h e  M a r c h  

t e s t ,  t h u s  o f f e r i n g  n o  r e s i s t a n c e  t o  t h e  air. f l o w  b e t w e e n  t h e  

c h a m b e r s  u n d e r  a  r o l l  c o n d i t i o n .  I n  o r d e r  t o  c o m p e n s a t e  f o r  t h e  

r e d u c e d  r o l l  s t i f f n e s s  o f  t h e  t h r e e - c o n v o l u t i o n  a i r  s p r i n g  d e s i g n ,  

a- m e t h o d  o f  r e s t r i c t i n g  t h e  r o l l  o r i f i c e , e x c e p t  d u r i n g  t i l t i n g ,  

w a s  f a b r i c a t e d  f o r  t h e  July, t e s t i n g .  T h e  b o l s t e r  o r i f i c e  h o l e  

w a s  p l u g g e d  c o m p l e t e l y  a n d  t h e  a i r  s p r i n g s  w e r e  e x t e r n a l l y  i n t e r 

c o n n e c t e d ,  a s  s h o w n  i n  F i g u r e  4 - 8 ,  t o  p r o v i d e  a  h i g h  r e s t r i c t i o n  

o f  a i r  f l o w  b e t w e e n  t h e  t w o  a i r  s p r i n g  c h a m b e r s  t h r o u g h  m e t e r i n g  

v a l v e  # 1  p r i o r  t o  t i l t  a c t u a t i o n  a n d  a  l o w  r e s t r i c t i o n  o f  a i r  f l o w  

b e t w e e n ,  t h e  t w o  a i r  s p r i n g , c h a m b e r s  t h r o u g h  a n  o p e n  a i r - o p e r a t e d  

b a l l  v a l v e  d u r i n g  t i l t  o p e r a t i o n .  T h e  e x t r a  p l u m b i n g  d r a w s  a i r  

f r o m  e i t h e r  s i d e  o f  t h e  t i l t  c y l i n d e r  t h r o u g h  a  d o u b l e  c h e c k  v a l v e  

;and a  s i n g l e  c h e c k  v a l v e  t o  o p e n  t h e  l a r g e  d i a m e t e r  b a l l  v a l v e  

w i t h  a n  a i r  o p e r a t o r .  W h e n  t h e  b a l l  v a l v e  i s  o p e n ,  t h e r e  is a 

n e g l i g i b l e  r e s t r i c t i o n  b e t w e e n  t h e  t w o  a i r  s p r i n g  c h a m b e r s .  W h e n  

t h e  t i l t  a i r  p r e s s u r e  i s . r e m o v e d  f r o m  t h e  c y l i n d e r ,  t h e  a i r  o p e r a 

t o r  must, b l e e d  d o w n  t h r o u g h  m e t e r i n g  v a l v e  # 2  d e l a y i n g  t h e  b a l l



FIGURE 4 - 7 b :  DOWN STOP s TESTING -  DOWN
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v a l v e  c l o s i n g  u n t i l  t h e . t i l t  c a r  .has r e t u r n e d  t o  c e n t e r .  T h i s  

s y s t e m  w a s  e l i m i n a t e d  s i n c e  it a d d e d  t o o  much, c o m p l e x i t y  f o r  t h e  . 

m a r g i n a l  i m p r o v e m e n t s - e x p e r i e n c e d . ”

T h e  p i c t u r e s  t h a t  f o l l o w  i n  F i g u r e  4 - 9  t h r o u g h  4 - 1 6  s h o w  t h e  

p r i n c i p l e  e l e m e n t s  o f  the. t i l t  s y s t e m  a s  t h e y  a r e  i n s t a l l e d  o n  /  

t h e  t e s t  c a r .  Vi-'f-:'-

4 . 2  T i l t  C o n t r o l  S y s t e m  S i g n a l

A  s i m p l i f i e d  b l o c k  d i a g r a m  o f  t h e  B u d d  T i l t  B o d y  C o n t r o l  

S y s t e m  is s h o w n  i n  F i g u r e  4 - 1 7 .  T h i s  - d i a g r a m  r e p r e s e n t s  t h e  f u n c 

t i o n s  p e r f o r m e d  f r o m  r e c e i v i n g  t h e  a c c e l e r o m e t e r  s i g n a l s  f r o m  t h e  

t w o  a c c e l e r o m e t e r s  o n  t h e  l e a d  t r u c k  t o  t h e  a i r  s o l e n o i d  v a l v e s  

w h i c h  p i l o t  t h e  m a i n  t i l t  a i r  c y l i n d e r  s o l e n o i d  v a l v e s .

W h e n  t h e  f i l t e r e d  s i g n a l s  f r o m  b o t h  t h e  a c c e l e r o m e t e r s  e x c e e d  

t h e  t i l t  c o m m a n d  l e v e l ,  as e s t a b l i s h e d . b y  t h e  l e f t  t i l t  o r  r i g h t  

t i l t  l e v e l  d e t e c t o r s ,  a s i g n a l  is s e n t  t o  t h e  a p p r o p r i a t e  l o g i c  

c o m b i n e r s .  I f  t h e  s p e e d  o f  t h e  c a r  is g r e a t e r  t h a n  t h e  t i l t  

t h r e s h o l d  l e v e l  ( a p p r o x i m a t e l y  60 m p h ) , t h e  l o g i c  c o m b i n e r s  w i l l  

a c t i v a t e  b o t h  a p p r o p r i a t e  s o l e n o i d  v a l v e s ,  p r e s s u r i z i n g  the- t i l t  

.air c y l i n d e r .  W h e n  t h e  f i l t e r e d  s i g n a l  f r o m  e i t h e r  a c c e l e r o m e t e r  

is l e s s  t h a n  a  f i x e d  l e v e l  b e l o w  t h e  t i l t  c o m m a n d  l e v e l , e i t h e r  

s o l e n o i d  v a l v e  w i l l  b e  d e - e n e r g i z e d  e x h a u s t i n g  t h e  t i l t  a i r  c y l i n d e r  

r e t u r n i n g  t h e  c a r  t o  n e u t r a l .

4 . 2 . 1  A c c e l e r o m e t e r s

The signal  used for control of carbOdy t i l t ,  i s  generated

by two accelerometers mounted on the truck bo ls ter  to detect the



FIGURE 4 - 9 :  TORSION BAR & ARM -  CARBODY T IL T E D  UP ON LEFT
S I D E  TOWARD RIGHT

I

FIGURE 4 - 1 0 :  TORSION BAR & ARM -  CARBODY T I L T E D  DOWN ON LEFT
S I D E
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FIGURE 4 - 1 1 :  CARBODY T IL T E D  UP ON SID E  SHOWN

FIGURE 4 - 1 2 :  CARBODY T IL T E D  DOWN ON SID E  SHOWN
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FIGURE 4 - 1 3 :  A IR  CYLINDER & ARM -  CARBODY T IL T E D  UP ON S ID E
SHOWN, A IR  CYLINDER EXTENDED

FIGURE 4 - 1 4 :  A I R  CYLINDER & ARM -  CARBODY T I L T E D  DOWN ON
SIDE SHOWN, A I R  CYLINDER RETRACTED
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FIGURE 4 - 1 5 :  CONTROL VALVE MANIFOLD, A IR  ACCUMULATOR AND
REGULATOR

FIGURE 4 - 1 6 :  LEVELING VALVE MOVED TO TRUE CENTERLINE BOLSTER
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l e v e l  o f  th e  l a t e r a l  a c c e le r a t io n  e x p e r ie n c e d  by th e  t r u c k .  As

m o u n te d , th e  a c c e le r o m e te r  m ea su re d  th e  d i f f e r e n c e  b e tw e e n  th e•»

a c c e le r a t io n  com ponent due t o  th e  c e n t r i f u g a l  f o r c e  and t h a t  

ca u s ed  by t r a c k  s u p e r e le v a t io n .  The a c c e le r o m e te r s  u sed  have  

th e  f o l lo w in g  s p e c i f i c a t i o n s :

S e n s i t i v i t y  -  .2 5  g

N a t u r a l  F re q u e n c y  50 Hz

Dam ping F a c to r  2 . 0

By s e le c t in g  a u n i t  w i th  a h ig h  n a t u r a l  f re q u e n c y  and h ig h  dam ping  

c o n s t a n t ,  th e  a c c e le r o m e te r  a c te d  as a f i l t e r  f o r  h ig h  f re q u e n c y  

n o is e  w i th o u t  in t r o d u c in g  e x c e s s iv e  s ig n a l  d e la y  a t  f r e q u e n c ie s  

o f  i n t e r e s t .

4 . 2 . 2  S ig n a l  F i l t e r  System s

M a rc h , 19 82  Road T e s t

The f i l t e r  sy s tem  u s ed  d u r in g  th e  M a rc h , 19 82  Road T e s t

c o n s is te d  o f  a 6 - p o l e ,  r e s is t a n c e  c a p a c ita n c e  f i l t e r .  T h is  was

a lo w  p a s s  f i l t e r  s e t  to  p a ss  f r e q u e n c ie s  up to  a b o u t 0 .8  Hz and

t o  h a ve  6  db a t t e n u a t io n  a t  1 H z . The o t h e r  tw o p o le s  w e re

lo c a t e d  a t  .5 5  Hz and th e  tw o z e ro s  a t  .2 5  H z . The l a t t e r  tw o
*

p o le s  and z e ro s  w e re  added t o  re d u c e  th e  t im e  d e la y 's  a t  lo w  f r e 

q u e n c ie s ,  .1  t o  .4  H z . T h is  f i l t e r  p e r fo rm e d  q u i t e  a d e q u a te ly  

b u t d id  in t r o d u c e  d e la y  o f  . 8  t o  1  seco nd i n  s y s te m  r e s p o n s e .

J u l y ,  1 9 8 2  Road T e s t

A n a ly s e s  o f  th e  u n f i l t e r e d  a c c e le r o m e te r  d a ta  ta k e n  d u r in g  

th e  M arch  d e m o n s tr a t io n  t e s t  r e v e a le d  t h a t  n o is e  l e v e l s  n e v e r
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e x c e e d e d  a p p r o x im a te ly  .0 5  g ’ s and w e re  i n  a f re q u e n c y  b a n k  o f  

.6 Hz t o  1 e 5 H z . T h u s , t o  s i m p l i f y  th e  s y s te m , a s im p le  n o tc h  

o r ;b a n d  p a s s  f i l t e r  was d e s ig n e d  and in c o r p o r a t e d .  T h is  n o tc h  

f i l t e r  a t t e n u a t e d  f r e q u e n c ie s  fro m  .5  Hz t o  3 Hz w i t h  le s s  t im e ,  

d e la y  ( . 4  t o  .6  s e c o n d s ) th a n  th e  lo w  p a ss  f i l t e r  u s ed  i n  th e  

M a rc h , 19 8 2  t e s t .

T h e .J u ly  t e s t  had th e  t e s t  v e h ic le  c o u p le d  d i r e c t l y  t o  

th e  lo c o m o t iv e  r a t h e r  th a n  i s o l a t e d  by in t e r v e n in g  c o a c h e s . I n  

t h i s  c o n s is t ,  th e  a c c e le r o m e te r  o u tp u t  e x h i b i t e d  a 12 Hz s ig n a l  

w it h  an a m p li tu d e  g r e a t e r  th a n  . 1  g ’ s t h a t  o r ig in a t e d  i n  th e  

lo c o m o t iv e .  The n o tc h  f i l t e r  p r o v id e d  no a t t e n u a t i o n  a t  th e s e  

f r e q u e n c ie s .  As a r e s u l t ,  an a d d i t i o n a l  f i l t e r ,  4 - p o le  1 Hz 

lo w  p a s s , a v a i l a b l e  as p a r t , o f  th e  ENSCO in s t r u m e n t a t io n  p a c k a g e ,  

was c o n n e c te d  i n  s e r ie s  w i t h  th e  n o tc h  f i l t e r .  T h is  ad d ed  f i l t e r  

a c c o m p lis h e d  th e  d e s ir e d  r e s u l t s .  The 12 Hz s ig n a l  was a t t e n u a t e d  

t o  le s s  th a n  .0 1  g ’ s .

4 . 2 . 3  S ig n a l  T h re s h o ld  D e t e c to r s  ,

The t i l t  command l e v e l  d e t e c t o r s  w e re  o f  th e  same d e s ig n

f o r  e a c h  o f  th e  tw o  t e s t  p ro g ra m s . E ach  c h a n n e l c o n ta in e d  f o u r
*

d e t e c t o r s ,  tw o  f o r  p o s i t i v e  s ig n a ls  ( t i l t  r i g h t )  and tw o f o r  n e g a 

t i v e  s ig n a ls  ( t i l t  l e f t ) .  E ach  o f  th e s e  d e t e c t o r s  co m p ared  th e  

In c o m in g  s ig n a l  t o  a r e f e r e n c e  s ig n a l  ( t i l t  command l e v e l  s i g n a l )  

a n d .g e n e r a t e d .a  t u r n - o n  s ig n a l  w h e n e v e r th e  command s ig n a l  l e v e l  

was e q u a le d  o r  e x c e e d e d . When th e  s ig n a l  re d u c e d  b e lo w  th e  com

m and, l e v e l  by a p r e - d e t e r m in e d  am ount., th e  s y s te m  t u r n e d  o f f .

-  28  -
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I n  th e  M a rc h  ro a d  t e s t ,  th e  t i l t  command l e v e l  was s e t  f o r  .0 4  g 's  

and th e  r e t u r n  t o  n e u t r a l  l e v e l  was .0 3  g 's  o r  .1  g 's  b e lo w  th e  

t i l t  command l e v e l .  I n  th e  J u ly  t e s t  p ro g ra m , th e  same t i l t  com

mand l e v e l  was u sed  b u t th e  r e t u r n  t o  n e u t r a l  l e v e l  was ch an g ed  

t o  .0 2  g ' s .  T h is  change b a s i c a l l y  d e c re a s e d  th e  s y s te m  s w it c h in g  

s e n s i t i v i t y  t o  s ig n a l  v a r i a t i o n  w h i le  m a in t a in in g  o r i g i n a l  t u r n - o n  

s e n s i t i v i t y .

4 . 2 . 4  L o g ic  C om biner

The l o g i c  co m b in e rs  w e re  th e  same f o r  b o th  th e  M a rc h  and  

J u ly  t e s t s .  The d e v ic e s  in s u r e d  t h a t  t h e  c a r  was t r a v e l i n g  ab ove  

60  mph b e fo r e  th e  t i l t  sy s te m  i s  o p e r a te d .  *
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5 .0  D ISCUSSIO N OF TESTS

5 .1  W ilm in g to n  Shop T e s ts

I n  th e  f i r s t  q u a r t e r  o f  1 9 8 2 ,  th e  r e t r o f i t  o f  th e  Budd T i l t  

Body S y stem  was c o m p le te d  by A rn trak  a t  th e  W ilm in g to n  c a r  sh o p s .

5 . 1 . 1  T i l t  Body S ystem  R esponse

F ig u r e s  5 -1  A ,B , and C show th e  t i l t  c a r  t i l t i n g  l e f t ,  

c e n t e r e d ,  and t i l t i n g  r i g h t  r e s p e c t i v e ly  d u r in g  i n i t i a l  e q u ip m e n t  

re s p o n s e  and c le a r a n c e  t e s t i n g  i n  th e  A rn trak  W ilm in g to n  c a r  sh o p .

- The i n i t i a l  re s p o n s e  t im e  m easu red  fro m  a c t u a t io n  o f  th e  

s y s te m  t o  c o m p le te  movement o f  th e  c a r  d u r in g  y a r d  t e s t i n g  a t  th e  

W ilm in g to n  shops i s  shown i n  F ig u r e  5 - 2 .  The .6  seco n d  d e la y '  

b e fo r e  t i l t ,  4 .0  seconds to  c o m p le te  t i l t ,  and 9 seconds., t o  com

p l e t e  r e t u r n  to  c e n t e r  w e re  a l l  e x c e s s iv e .  The p r im a r y  cau se o f  

th e  s t a r t  d e la y  was d e te rm in e d  t o  be th e  a i r  m u f f l e r s  on th e  a i r  

v a lv e  m a n i f o ld .  The ca u s e  o f  th e  e x c e s s iv e  t im e  f o r  t i l t  and  

r e t u r n  t o  c e n t e r  was d e te rm in e d  t o  be th e  b o l s t e r  o r i f i c e  l i m i t 

in g  f lo w  fro m  one a i r  s p r in g  t o  th e  o t h e r .  R em o ving  th e  a i r  

m a n if o ld  m u f f le r s  and th e  b o l s t e r  o r i f i c e s  re d u c e d  th e s e  t im e s  as  

shown i n  F ig u r e  5 -3  w i t h  .5 second d e la y  b e fo r e  t i l t ,  1 .8  seconds  

t o  c o m p le te  t i l t ,  and 3 .2  seco nds t o  c o m p le te  r e t u r n  t o  c e n t e r .  

T h e se  im p ro v e d  re s p o n s e  t im e s  w ere  a c c e p ta b le  f o r  th e  s t a r t  o f  

ro a d  t e s t i n g .

, 5 . 1 . 2  C le a ra n c e  T e s t in g

Clearance test ing  was conducted to assure the unrestricted

operation of the t i l t  system at - 4° of t i l t  with truck swivel
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A. T IL T . LEFT

B. CENTERED
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TILT A IR  CYLINDER S O L E N O ID  VALVE COMMAND

I N I T I A L  Y A R D  T E S T T I M E  R E S P O N S E  T O  F U L L  T I L T

FISSURE 5-2■

- 32 -



T IL T  A IR  C Y L IN D E R  S O L E N O ID  VALVE COMMAND

T IL T  A IR  CYLIN D ER  D IS P L A C E M E N T
r*—  ■ ■ ■ — i ■ ' ■ ■

I N I T I A L  Y A R D  T E S T  I M P R O V E D  T I M E  R E S P O N S E  T O  F U L L  T I L T

FIGURE 5 -3
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a n g le s  e q u iv a le n t  t o  a 5 °  c u r v e ,  and t o  a s s u re  n o n - t i l t  o p e r a t io n  

on th e  e q u iv a le n t  o f  a 23°  c u r v e .  Th ese  t e s t s  w e re  c o n d u c te d  

w it h  t h e , c a r  p o s i t io n e d  h a l f  on and h a l f  o f f  th e  t r a n s f e r  t a b l e  

i n  th e  W ilm in g to n  y a r d .  The d is p la c e m e n t  o f  th e  t a b l e  w i t h  

r e s p e c t  t o  th e  f i x e d  t r a c k  a l lo w e d  s e le c t io n  o f  th e  r e q u i r e d  

s w iv e l  a n g le s . • //■’ . '

A s t a t i c  le a n  t e s t  to  s im u la te  s t a t i o n a r y  o p e r a t io n  on a 

.6" s u p e r e le v a te d  c u rv e  was c o n d u c te d  by ja c k in g  one s id e  o f  th e  

c a r  t o  a l lo w ,  p la c e m e n t o f  5 -7 ' /8 "  h ig h  r a i l  segm ents  u n d e r a l l  f o u r  

w h e e ls  on t h a t  s id e .  Plumb bobs hung fro m  th e  u p p e r  w indow  s i l l ,  

th e  b e l t  l i n e ,  and th e  f l o o r  ( l e v e l  on th e  lo w  s id e  o f  th e  c a r  

a l lo w e d  m ea su re m e n ts  o f  th e  maximum e n v e lo p e  o f  th e  c a r .  M e a s u re 

m en ts  w e re  made a t  th e  t r u c k  b o l s t e r  c e n t e r l i n e  a t  e a c h  end and  

a t  th e  c e n t e r  o f  th e  c a r .  T h r e e •c o n d i t io n s  w e re  m e a s u re d  -  one 

w it h  th e  a i r  s p r in g s  d e f l a t e d  and th e  s to p s  r e t r a c t e d ,  th e  

/s e c o n d  w i t h  th e  a i r  s p r in g s  i n f l a t e d  and th e  lo w  s id e  dow n sto p s  

r e t r a c t e d ,  arid th e  t h i r t f  w i th  th e  a i r  s p r in g s  i n f l a t e d  and a l l  

d o w n sto p s  i n  th e  e x te n d e d  p o s i t i o n .  Case #1 r e p r e s e n t s  a f a i l u r e  

o f  a l l  d o w n sto p s  and a l l  a i r  s p r in g s .  C o n d it io n  §2 i s  an a b n o rm a l 

c a se  r e p r e s e n t a t i v e  o f  f a i l e d  d o w n s to p s . C o n d it io n  #3 i s  th e  ca se  

o f  a n o rm a l t r a i n  s to p p e d  on. 6" s u p e r e le v a t io n .  I n  a l l  c a s e s ,  

th e  e a v e  le a n  d is p la c e m e n t  was le s s  th a n  th e  A m tra k  a l lo w a n c e .

F ig u r e  5 -^  shows th e  le a n  t e s t  s e t  u p .

F ig u r e  5 - 5  shows th e  n u m e r ic a l  r e s u l t s  o f  th e  le a n  t e s t i n g .

F ig u r e  5 -6  s h o w s /le a n  t e s t  w h e e l b lo c k  a p p l i c a t i o n .
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"A" END

FIGURE [)-6: LEAN TEST -  WHEEL BLOCK A PP L IC A T IO N
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F ig u r e  5 -7  and 5 - 8  show le a n  t e s t  m ea su re m e n t p lum p b o b s .

5 .2  M a rc h , 19 82  Road T e s t  . '

On M arch  1 0 ,  1 9 8 2 , a r o a d - t e s t  ru n  was c o n d u c te d  by A m tra k  on  

t h e  N o r th e a s t  C o r r id o r  to  c o l l e c t  o p e r a t io n a l  ro a d  d a ta  on th e . t i l t  

body r e t r o f i t t e d  Am coach. The t e s t  c o n s is t  was made up o f  *  LRC #39  

lo c o m o t iv e ,  Amcoach # 2 1 1 2 8  f i r s t  c a r  a c t in g  t o  i s o l a t e  th e  t e s t  c a r  

f r o m 't h e  lo c o m o t iv e ,  Amcoach w i t h  t i l t  body s y s te m  # 2 1 1 8 3  as  th e  

t e s t  and in s t r u m e n t a t io n  c a r ,  Amcoach # 2 1 8 7 3  as th e  c o n t r o l  c a r  

w it h  r e c e n t l y  r e f u r b is h e d  t r u c k s ,  and Amcoach c a fe  c a r . # 2 0 0 2 4  as th e  

l a s t  c a r  i n  th e  t r a i n .

- A d e t a i l  t e s t  p la n  and th e  t r a c k  c h a r ts  f o r  th e  t e s t  ru n  

in c lu d in g  a c h a r t  p r e s e n t in g  th e  LRC sp eed  p r o f i l e ,  c a n t  d e f i c i e n 

c i e s ,  l a t e r a l  a c c e l e r a t i o n  b a la n c e  s p e e d , e t c . ,  a r e  p r e s e n te d  i n  

A p p e n d ix  A.

The In s t r u m e n t a t io n  S c h e m a tic ,. F ig u r e  5 - 9 s shows th e  p la n  used  

t o  c o l l e c t - t h e  t e s t  d a ta  f o r  th e  M a rc h , 1 9 8 2  t e s t .  T h is  p la n  p r o 

v id e d  f o r  o b t a in in g  a p e rm a n e n t d a ta  r e c o r d  v i a  m a g n e t ic  ta p e  and  

f o r  c o n t in u o u s  m o n i to r in g  o f  . a l l  d a ta  b e in g  r e c o rd e d  on t a p e .  P ro 

v i s io n  was made f o r  s p o t c h e c k  o f  a c t u a l  t a p e  d a ta  r e c o r d e d  by  

. v ie w in g  th e  re p ro d u c e d  d a ta  on an o s c i l lo s c o p e ,  one c h a n n e l a t  a 

t im e .

F ig u r e  5 -1 0  i s  a p h o to g ra p h  o f  th e  in s t r u m e n t a t io n  s e t  up i n  

t h e  t i l t  e q u ip p e d  A m f le e t  c o a c h .

# L i g h t ,  R a p id ,  and C o m f o r t a b le -  C a n a d ia n , B o m b a rd ie r

•-Tv - V'.- 38
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FIGURE 5 - 7 : LEAN TEST MEASUREMENT-PLUMP BOBS
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I N S T R U M E N T A T I O N  S C H E M A T I C

FIGURE 5 -9



FIGURE 5 - 1 0 : RECORDING EQUIPMENT -  MARCH RUN
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'S

F i g u r e  5 - 1 1  s h o w s  t h e  l o c a t i o n  o f  t h e  s t r a i n  g a g e  r o s s e t t e  

m e a s u r i n g  t o r s i o n  b a r  s t r a i n .

F i g u r e  5 - 1 2  s h o w s  t h e  l o c a t i o n  o f  t h e  d i s p l a c e m e n t  t r a n s d u c e r  

m e a s u r i n g  t h e  t i l t  a i r  c y l i n d e r  d i s p l a c e m e n t .

F i g u r e  5 - 1 3  s h o w s  t h e  l o c a t i o n  o f  t h e  t r u c k  y a w  d i s p l a c e m e n t  

■ t r a n s d u c e r .  / >

F i g u r e  5 - 1 4  s h o w s  t h e  l o c a t i o n  o f  t h e  j o u r n a l  h o u s i n g  v e r t i c a l  

a c c e l e r o m e t e r .  > . : 7

F i g u r e  5 - 1 5  s h o w s  t h e  t e s t  t r a i n  c o n s i s t .  - -

F i g u r e  5 - 1 6  s h o w s -  t h e  t i l t  b o d y  c a r  t i l t e d  i n  t h e  New H a v e n  

y a r d s . .

F i g u r e  5 - 1 7  s h o w s  t h e  d i a p h r a m  g a p  b e t w e e n  t h e  t i l t e d  A m c o a c h  

a n d  a  s t a n d a r d  A m c o a c h  : , -

: 5 . 2 . 1  T e s t  E q u i p m e n t  -  M a r c h ,  1 9 8 2  T e s t  .* . :

® S e n s o r s  .......

1 .  . C h a n n e l  1  -  A c c e l e r o m e t e r , S e t r a  S y s t e m s  I n c . ,  M o d e l  

1 1 5  H . P .  ( t i l t  s i g n a l )

, : - 2 .  C h a n n e l s  2 - 8  -  A c c e l e r o m e t e r s ,  S e t r a  S y s t e m s  I n c .

M o d e l  1 1 4  , .

a )  4 e a . , -  l g  o n  C h a n n e l s  2 , 3 , 4 ,  & 5 ( c a . r b o d y  l a t e r a l )

- b )  2 e a . ,  0 t o  2 g  o n  C h a n n e l s  6 & 7 ( c a r b o d y  v e r t i c a l )
’ ‘ ‘ ■ , . v

c )  1  e a . ,  -  1 0 0  g  o n  C h a n n e l  8 ( j o u r n a l  v e r t i c a l )

. . 3 .  C h a n n e l  9 -  S p e e d  P i c k u p ,  A i r p a x  M o d e l  1 - 4 0 0 2

4.* C h a n n e l s  1 1  a n d  14  -  D i s p l a c e m e n t  T r a n s d u c e r ,  C e l e s c o  

T r a n s d u c e r  P r o d u c t s  I n c . ,  T y p e  PT 1 0 1 B  ( t i l t  c y l i n d e r  & 

y a w  d i s p l a c e m e n t ) >



FIGURE 5-11 : TORSION BAR STRAIN GAGE

FIGURE 5-12 :

TILT AIR CYLINDER 
DISPLACEMENT TRANSDUCER

-  4 4  -



FIGURE 5-13: TRUCK YAW DISPLACEMENT TRANSDUCER
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FIGURE 5 - 1 5 : MARCH, 1982 TEST TRAIN CONSIST IN BOSTON
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FIGURE 5 - 1 6 :  T I L T  CAR TILTE D  IN NEW HAVEN YARD
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FIGURE 5-17: DIAPHRAM GAP BETWEEN TILTED AND'STANDARD AMFLEET COACH
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5 . 1 C h a n n e l  13  -  P r e s s u r e  T r a n s d u c e r ,  A l l e g h e n y  I n s t r u -  

, m e n t s  C o . ,  M o d e l  1 5 2 ,  3 0 0  p s l g  ( t i l t  c y l i n d e r  p r e s s u r e )

e S i g n a l , P r o c e s s o r s

1 .  B e l l  a n d  H o w e l l  T y p e  1 - 1 8 3  

. 2 .  C u s t o m  d e s i g n e d  f r e q u e n c y  t o  v o l t a g e  c o n v e r t e r  a n d

f r e q u e n c y  t o  d i s t a n c e s  p r o c e s s o r  f o r  s p e e d  a n d  d i s t a n c e  

d a t a

o R e c o r d e r s

1 .  1 6 - c h a n n e l  m a g n e t i c  t a p e  r e c o r d e r .  H o n e y w e l l  t y p e  1 0 1  

■ 2 .  P a p e r  t a p e  r e c o r d e r  -  B e l l  & H o w e l l  d a t a  g r a p h e r

5 . 2 . 2  S y s t e m  C a l i b r a t i o n

A c c e l e r o m e t e r s ,  C h a n n e l s  2 t h r u  8 , h a v e  a  s p e c i f i c  i n p u t  

t e r m i n a l  f o r  a p p l i c a t i o n  o f  a  c a l i b r a t i o n  v o l t a g e .  T h e  c a l i b r a 

t i o n  v o l t a g e  p r o v i d e s  a n  o f f s e t  o r  o u t p u t  o f  a b o u t  1 0 $  o f  f u l l  

s c a l e  s p a n  w h e n  a p p l i e d .  T h e  c a l i b r a t i o n  i n p u t  w a s  a p p l i e d  a n d  

t h e  i n d i v i d u a l  a c c e l e r o m e t e r  o u t p u t  w a s  m e a s u r e d  a n d  c r o s s  c h e c k e d  

b y  r o t a t i n g  t h e  u n i t s  p r i o r  t o  i n s t a l l a t i o n .  D u r i n g  a c t u a l  t e s t

p r o g r a m ,  t h e  c a l i b r a t i o n  i n p u t  s i g n a l  w a s  a p p l i e d  t o  C h a n n e l s  2
*

t h r u  8 a n d  t h e  o u t p u t s  r e c o r d e d  o n  a p p r o p r i a t e  r e c o r d e r  c h a n n e l s .

P r e s s u r e  g a u g e ,  d i s p l a c e m e n t  t r a n s d u c e r s  a n d  s t r a i n  g a g e  

r o s s e t t e  a r e  a l l  r e s i s t a n c e  b r i d g e  t y p e  i n s t r u m e n t s .  T h e  s h u n t  

m e t h o d  o f  c a l i b r a t i o n  w a s  e m p l o y e d  w h e r e  a  k n o w n  f i x e d  r e s i s t o r  

w a s  s e l e c t e d  a n d  i n s t a l l e d  i n  t h e  s i g n a l  p r o c e s s o r .  A s i m p l e  

s w i t c h  o p e r a t i o n  p l a c e d  t h i s  r e s i s t o r  i n  t h e  b r i d g e  c i r c u i t  t h u s  

s i m u l a t i n g  a n  a c t u a l  s e n s o r  s i g n a l .
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T h e  t i l t  c o m m a n d  a c c e l e r o m e t e r  c h a n n e l s  w e r e  c a l i b r a t e d  

b y  i n c l i n i n g  t h e  a c c e l e r o m e t e r s  o n  a n  i n c l i n e d  p l a n e  a n d  m e a s u r i n g  

t h e  a n g l e  o f  i n c l i n e  a t  t h e  p o i n t  w h e r e  t h e  s y s t e m  a c t u a t e d  t o  

t i l t  t h e  c a r b o d y .

T o  c a l i b r a t e  t h e  s p e e d  d i s t a n c e  t r a n s d u c e r ,  t h e  c i r c u m f e r 

e n c e  o f  t h e  l e a d  a x l e  w h e e l s  w a s  m e a s u r e d .  T h i s  m e a s u r e m e n t  a n d  

t h e  n u m b e r  o f  t e e t h  o n  t h e  a x l e  g e a r ,  p e r m i t t e d  t h e  c a l c u l a t i o n  

o f  t h e  c a l i b r a t i o n  f r e q u e n c y .  An e x t e r n a l  s i g n a l  o f  a  f r e q u e n c y  

e q u i v a l e n t  t o  6 0  mph w a s  i n s e r t e d  f o r  c a l i b r a t i o n .  ..............

5 . 2 . 3  R e s u l t s  o f  M a r c h ,  1 9 8 2  R o a d  T e s t

P r o m  t h e  M a r c h ,  1 9 8 2  t e s t ,  t h e  p e r f o r m a n c e  o f  t h e  A m c o a c h  

t i l t  b o d y  s y s t e m  u n d e r  t h r e e  c u r v e  c o n d i t i o n s  w i l l  b e  d i s c u s s e d  

i n  d e t a i l .  T h e s e  c o n d i t i o n s  i n c l u d e  t y p i c a l  p e r f o r m a n c e  o n  a 

s i n g l e  c u r v e ,  C u r v e  # 6 2  ( F i g u r e  5 - 1 8 ) ;  p e r f o r m a n c e  o n  a  r e v e r s e  

c u r v e ,  C u r v e s  # 1 1 2  a n d  # 1 1 3  ( F i g u r e  5 - 1 9 ) ;  a n d  p e r f o r m a n c e  o n  a 

c u r v e  c o m p o s e d  o n l y  o f  a n  i n l e t  a n d  e x i t  s p i r a l ,  C u r v e  # 6 7  

( F i g u r e  5 - 2 0 ) .

A t  C u r v e  # 6 2 ,  t h e  c a r  i s  t r a v e l i n g  a t  8 9  mph a s  o p p o s e d  t o  

t h e  n o r m a l  l i m i t  o f  7^  m p h .  I n  F i g u r e  5 - 1 8 ,  t h e  t o p  t r a c e  i s  t h e  

t r u c k  b o l s t e r  c o m m a n d  a c c e l e r o m e t e r  o u t p u t  s h o w i n g  a  0 . 0 9 g ' s  

m e a s u r e d  l a t e r a l  a c c e l e r a t i o n  i n  t h e  t r u c k  b o l s t e r .  T h e  i n l e t  

s p i r a l  i s  a b o u t  5 ^ 0 '  l o n g  a s  m e a s u r e d  b y  t h e  1 0 0 *  b l i p s  a t  t h e  

b o t t o m  o f  t h e  c h a r t .  T h e  e x i t  s p i r a l  i s  a b o u t  4 8 0 '  l o n g .  T h e  

t i l t  c o m m a n d  a c c e l e r a t i o n  l e v e l  o f  . 0 4 g ' s  o c c u r s  o n  a  s t e e p  s l o p e  

p a r t  o f  t h e  c o m m a n d  a c c e l e r a t i o n  t u r n i n g  t h e  s y s t e m  o n  t o  t i l t
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a f t e r  a  0 . 2  s e c o n d  d e l a y .

T h e  s e c o n d  t r a c e  s h o w s  t h e  t o r s i o n  b a r  s t r a i n  i n c r e a s i n g  

f r o m  z e r o  a t  . 3  s e c o n d  a f t e r  a c t u a t i o n  t o  4 5 0  u i n / i n  a t  a b o u t  

0 . 9  s e c o n d  a f t e r  a c t u a t i o n .  T h i s  s t r a i n  l e v e l  i s  h e l d  u n t i l

1.7 s e c o n d s  a f t e r  a c t u a t i o n  w h e n  a  d r o p  i n  s t r a i n  o c c u r s  f o r  

1  s e c o n d .  -b ;

; T h e  t h i r d  t r a c e  m e a s u r e s  a i r  c y l i n d e r  s t r o k e  a n d  i s  p r o 

p o r t i o n a l  t o  c a r b o d y  r o l l ^  4 °  e q u a l s  5 "  o f  c y l i n d e r  s t r o k e .  T h i s  

t r a c e  s h o w s  t h e  c a r b o d y  r o l l  s t a r t i n g  j u s t  a s  t h e  c a r  e n t e r s  t h e  

s p i r a l  a n d  b u i l d i n g  t o  2 . 7 °  o u t b o a r d  a t  t h e  s t a r t  o f  t i l t  m o t i o n .

A t  . 3  s e c o n d  a f t e r  a c t u a t i o n ,  t h e  t i l t  s y s t e m  r o l l s  t h e  c a r  f r o m  

“ 2 . 7 °  t o  + 4 °  i n b o a r d  c o m p l e t i n g  t h e  f u l l  t i l t ,  a t  1 . 7  s e c o n d s  a f t e r  

a c t u a t i o n .

T h e  f o u r t h  t r a c e  s h o w s  t h e  a i r  p r e s s u r e  i n  t h e  t i l t  c y l i n d e r  

b u i l d i n g  f r o m  z e r o  p s i  a t  . 3  s e c o n d  a f t e r  a c t u a t i o n  t o  7 0  p s i  a t  

.9 s e c o n d  a f t e r  a c t u a t i o n  a n d  h o l d i n g  a t  t h a t  l e v e l  u n t i l  1 . 7  

s e c o n d s  a f t e r  a c t u a t i o n  a t  w h i c h  p o i n t  t h e  p r e s s u r e  c o n t i n u e s  t o  

b u i l d  r e a c h i n g  s u p p l y  p r e s s u r e  o f  90  p s i  a t  2 . 8  s e c o n d s  a f t e r  

a c t u a t i o n .

T h e  f i f t h  t r a c e  i s  t h e  l a t e r a l  a c c e l e r a t i o n  m e a s u r e d  i n  t h e  

t i l t  b o d y  c a r  a n d  t h e  s i x t h  t r a c e  i s  t h e  l a t e r a l  a c c e l e r a t i o n  i n  

t h e  c o n t r o l  c a r .  B o t h  t r a c e s  s h o w  t h e  l a t e r a l  a c c e l e r a t i o n  

b u i l d i n g  a s  t h e  c a r s  e n t e r  t h e  c u r v e .  T h e  c o n t r o l  c a r  i s  d e l a y e d  

i n  i t s  s t a r t  s i n c e  i t  e n t e r s  t h e  c u r v e  o n e  c a r  l e n g t h  a f t e r  t h e  

t i l t  b o d y  c a r .  T h e  l e v e l s  b u i l d  t o  . 1 2 g ’ s i n  t h e  t i l t  c a r  a t  t h e



p o i n t  w h e r e  t h e  t i l t  s y s t e m  i s  a c t u a t e d .  W h i l e  t h e  c a r  i s  t i l t i n g ,  

t h e  l a t e r a l  s p i k e  i n  t h e  . t r a c k  ( T r a c e  1 )  c a u s e s  t h e  l a t e r a l  i n  t h e  

t i l t  c a r  t o  r e a c h  . 1 5 g ’ s  b e f o r e  b e i n g  r e d u c e d  t o  . 0 4 g ' s  f o r  t h e  

d u r a t i o n  o f  t h e  c u r v e .  B y  c o m p a r i s o n ,  t h e  c o n t r o l  c a r  r e a c h e s  a  

m ax im u m  s p i k e  o f  . l l g ' s  b e f o r e  a v e r a g i n g  . l O g ' s  f o r  t h e  d u r a t i o n  

o f  t h e  c u r v e .  T h e  t i l t  s y s t e m  c a n  b e  s e e n  t o  r e d u c e  t h e  s t e a d y  

s t a t e  l a t e r a l  a c c e l e r a t i o n  f e l t  b y  t h e  p a s s e n g e r s  f r o m  0 . 1 0  t o  

. 0 4  -  a  d r o p  o f  . 0 6 g ' s  t o  a  l e v e l  w e l l  w i t h i n  t h e  c o m f o r t  c r i t e r i a .  

T h e  l o w  r o l l  s t i f f n e s s  o f  t h e  t i l t  c a r  i s  t h e  c a u s e  o f  t h e  i n c r e a s e d  

i n i t i a l  l a t e r a l  a c c e l e r a t i o n  i n  t h e  t i l t  c a r .  T h e  c h a n g e  t o  a  

m o d i f i e d  d o u b l e - c o n v o l u t e  a i r  s p r i n g  o n  t h e  t i l t  s y s t e m , a s  i s  

r e c o m m e n d e d  i n  t h i s  r e p o r t  f o r  a  f i n a l  d e s i g n ,  w i l l  r e d u c e  t h e  

i n i t i a l  l a t e r a l  l e v e l  t o  t h a t  e x p e r i e n c e d  b y  t h e  c o n t r o l  c a r  a t  t h e  

c o r r e s p o n d i n g  p o i n t  o n  t h e  c u r v e ,  o r  f o r  t h i s  c u r v e ,  . 0 8 g ' s  b e f o r e  

t h e  t i l t  s y s t e m  a c t i v a t e s  a n d  r e d u c e s  t h e  l e v e l  t o  . 0 4 g ’ s .

A s  t h e  c a r  e x i t s  t h e  c u r v e ,  t h e  t r u c k  l a t e r a l  a c c e l e r a t i o n  

d e c r e a s e s  a s  s h o w n  i n  t h e  f i r s t  t r a c e .  A t  . 0 3 5 g ’ s ,  t h e  c o n t r o l l e r  

t u r n s  t h e  t i l t  s y s t e m  o f f .  T h e  p r e s s u r e  s h o w n  i n  t h e  f o u r t h  t r a c e  

s t a r t s  t o  d r o p  a f t e r  a  . 2 ^ s e c o n d  d e l a y  f o r  v a l v e  o p e n i n g .  A f t e r  

.8 s e c o n d  f r o m  t u r n - o f f ,  t h e  c a r  r o l l  b e g i n s  i t s  r e t u r n  d i r e c t l y  

t o  c e n t e r  a n d  b y  2 s e c o n d s  f r o m  t u r n - o f f ,  i t  h a s  c o m p l e t e l y  

r e t u r n e d .  T h e  s t r a i n  g a g e  i n  t r a c e  § 2  s h o w s  t h e  d e c r e a s e  i n  f o r c e  

n e c e s s a r y  t o  h o l d  t h e  c a r  i n  t h e  t i l t  p o s i t i o n  b e g i n n i n g  a s  t h e  

t r u c k  l a t e r a l  a c c e l e r a t i o n  s t a r t s  t o  d r o p .  T h e  c a r b o d y  l a t e r a l  

a c c e l e r a t i o n  i n  t h e  t i l t  e a r ,  a s  s h o w n  i n  t h e  f i f t h  t r a c e ,  b e g i n s
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t o  d e c r e a s e  a s  t h e  c a r  e x i t s  t h e  c u r v e ,  r e t u r n i n g  t o  n o r m a l  a s  t h e  

c a r  r o l l  r e a c h e s  c e n t e r  a n d  s h o w i n g  a  s l i g h t  o v e r s h o o t  o f  . 0 3 g ' s .

T h e  p e r c e i v e d  r e t u r n  t o  c e n t e r  i s  v e r y  s m o o t h  i n  t h e  t i l t  b o d y  

c a r .

F i g u r e  5 - 1 9  s h o w s  t h e  p e r f o r m a n c e  o f  t h e  c o n s i s t  o n  a  s e t  

o f  r e v e r s e  c u r v e s ,  # 1 1 2  a n d  # 1 1 3 ,  w h e r e  t h e  t r u c k  e x p e r i e n c e s  a 

l a t e r a l  a c c e l e r a t i o n  o f  a p p r o x i m a t e l y  . 0 9 g ’ s a n d  . l g ' s  r e s p e c t i v e l y .  

( 5 . V  c a n t  d e f i c i e n c y  a n d  6 "  c a n t  d e f i c i e n c y ) .  A s  t h e  c a r  e n t e r s  

t h e  s p i r a l  o f  C u r v e  # 1 1 2 ,  t h e  p e r f o r m a n c e  i s  t y p i c a l  o f  t h a t  

e x p e r i e n c e d  i n  C u r v e  # 6 2 ,  e x c e p t  t h a t  t h e r e  i s  a  l a r g e  d e v i a t i o n  

i n  t h e  s p i r a l  w h i c h -  m o m e n t a r i l y  d e a c t i v a t e s  t h e  t i l t  s y s t e m .  I n  

t h e  t r a n s i t i o n  b e t w e e n  t h e  t w o  c u r v e s ,  t h e  s y s t e m  r e c o v e r s  a n d  

a g a i n  b e h a v e s  s i m i l a r  t o  C u r v e  # 6 2  a s  i t  e n t e r s  C u r v e  # 1 1 3 .  T h e  

s t e a d y  l a t e r a l  a c c e l e r a t i o n s  e x p e r i e n c e d  b y  t h e  p a s s e n g e r s  a r e  

r e d u c e d  f r o m  . 0 9 g ' s  t o  . 0 4 g ’ s  o n  C u r v e  # 1 1 2  a n d  f r o m  .. 1 2 g ’ s t o  

. 0 6 g ’ s  o n  C u r v e  # 1 1 3 .

F i g u r e  5 - 2 0  s h o w s  t h e  p e r f o r m a n c e  o f  t h e  c o n s i s t  o n  a  c u r v e  

c o m p o s e d  o f  t w o  s p i r a l s  w i t h  n o  f i x e d  r a d i u s  p o r t i o n .  E v e n  i n  

t h i s  c a s e ,  t h e  t i l t  b o d y  s y s t e m  p r o v i d e s  a  s i g n i f i c a n t  l e v e l  o f  

r e d u c t i o n  o f  t h e  l a t e r a l  a c c e l e r a t i o n  e x p e r i e n c e d  b y  t h e  p a s s e n 

g e r s  w i t h  t h e  e x c e p t i o n  o f  t h e  i n i t i a l ,  r o l l  p r i o r  t o  t i l t i n g .

T h e  g e n e r a l  r e s u l t s  o f  t h e  M a r c h  t e s t s  i n d i c a t e  t h a t  t h e  

s y s t e m  p e r f o r m s  a s  a n t i c i p a t e d  p r o v i d i n g  t h e  s a m e  l e v e l  o f  p a s s e n 

g e r  c o m f o r t  o p e r a t i n g  w i t h  c a n t  d e f i c i e n c i e s  o f  7 ”  a s  t h e  n o n - t i l t  

b o d y  c a r  p r o v i d e s  w i t h  3 "  c a n t  d e f i c i e n c y .
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A d d i t i o n a l l y ,  t h e  l o w e r  r o l l  r a t e  o f  t h e  t h r e e - c o n v o l u t i o n  

a i r  s p r i n g  s u s p e n s i o n  p r o d u c e s  e x c e s s i v e  l a t e r a l  a c c e l e r a t i o n s  

d u r i n g  c u r v e  e n t r y ,  p r i o r  t o  t h e  a c t i v a t i o n  o f  t h e  t i l t  b o d y  s y s 

tems, T o  o v e r c o m e  t h e  d e f i c i e n c y ,  t h e  t h r e e - c o n v o l u t i o n  a i r  s p r i n g  

w i l l  b e  r e p l a c e d  w i t h  a  m o d i f i e d  t w o - c o n v o l u t i o n  s p r i n g .  T h e s e  

m o d i f i c a t i o n s  w i l l  i n c r e a s e '  t h e  r o l l  r a t e  o f  t h e  s u s p e n s i o n  t o  

t h a t  o f  t h e  s t a n d a r d  A m c o a c h  a n d  p r o v i d e  t h e  i n c r e a s e d  s t r o k e  

r e q u i r e d  b y  t h e  t i l t  b o d y  s u s p e n s i o n .

5 . 2 . 4  R e s u l t s  o f  J u l y ,  1 9 8 2  R o a d  T e s t

D u r i n g  t h e  m o n t h  o f  J u l y ,  a d d i t i o n a l  t e s t i n g  w a s  c o n d u c t e d  

•as p a r t  o f  t h e  " F 4 0 P H / B a n k i n g  A m c o a c h . C a n t  D e f i c i e n c y  T e s t s ”  f o r  

FRA b y  ENSCO, I n c .  u n d e r  C o n t r a c t  # D T F R 5 3 - 8 0 - C - 0 0 0 0 2 . T h e  c o n s i s t  

f o r  t h i s  p h a s e  o f  t e s t i n g  w a s  t h e  F 4 0 / P H  l o c o m o t i v e ,  t h e  t i l t  b o d y  

A m c o a c h  a n d  a  t r a i l i n g  A m c o a c h .  I n s t r u m e n t a t i o n  s u p p l i e d  b y  ENSCO 

p r o v i d e d  d a t a  u s e d  i n  t h e  s y s t e m  e v a l u a t i o n .

I n  t h i s  s e c t i o n ,  t h e  r e s u l t s  o n  t h r e e  c u r v e s  w i l l  b e  d i s 

c u s s e d .  A c o m p l e t e  s u m m a r y  o f  a l l  J u l y  t e s t i n g  i s  d e s c r i b e d  i n  

t h e  F i n a l  R e p o r t ,  " H i g h  C a n t  D e f i c i e n c y  T e s t  o f  T h e  F 40P H  L o c o 

m o t i v e  a n d  T h e  P r o t o t y p e  B a n k i n g  A m c o a c h  " ,  D T F R 5 3 - 8 0 - C - 0 0 0 0 2 .

F i g u r e  5 - 2 1  s h o w s  t h e  p e r f o r m a n c e  o n  C u r v e  # 6 2  f o r  c o m 

p a r i s o n  t o  t h e  M a r c h  t e s t s .

T h e  t r u c k  l a t e r a l  c o m m a n d  a c c e l e r a t i o n  i n  t h e  f i r s t  t r a c e  

s h o w s  . 9 g * s  s u s t a i n e d  t h r o u g h  t h e  c u r v e  w h i c h  i s  t h e  s a m e  a s  o n  

t h e  M a r c h  t e s t .  T h e  c a r b o d y  l a t e r a l  a c c e l e r a t i o n ,  a s  s h o w n  i n  t h e  

f o u r t h  t r a c e  f o r  t h e  t i l t  c a r ,  a n d  t h e  f i f t h  t r a c e  f o r  t h e  c o n t r o l
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c a r ,  s h o w s  t h e  s a m e  d e c r e a s e  f r o m -  * l O g ’ s  i n  t h e  c o n t r o l  c a r  t o  

. 0 4 g ’ s i n  t h e  t i l t  c a r  a s  w a s  e x p e r i e n c e d  i n  t h e  M a r c h  t e s t .  T h e  

t i l t  c y l i n d e r  d i s p l a c e m e n t  t r a c e  s h o w s  a  2 . 0 °  o u t b o a r d  r o l l  b e f o r e  

t h e  t i l t  a c t i o n  s t a r t s . .  T h i s  i s -  0 . 7 °  l e s s  t h a n  t h e  M a r c h  r u n  d u e  

t o  t h e  a i r  s p r i n g  o r i f i c e  v a l v i n g .  8 0 %  o f  f u l l  t i l t  i s  r e a c h e d  

i n  1 . 8  s e c o n d s ,  b u t  f u l l  t i l t  o f  4 °  i s  n o t  r e a c h e d  u n t i l  5 s e c o n d s  

a f t e r  a c t u a t i o n  d u e  t o  t h e  a d d i t i o n a l  r e s t r i c t i o n  o f  t h e  a i r  s p r i n g  

o r i f i c e  b y p a s s  v a l v e .  A s i m i l a r  d e l a y  o c c u r s  o n  r e t u r n  t o  c e n t e r  

a f t e r  t h e  t i l t  s i g n a l  i s  r e m o v e d  w i t h  1 . 1 . s e c o n d  d e l a y  t o  s t a r t ,  

a n d  7 s e c o n d s  t o  c o m p l e t e  r e t u r n  t o  c e n t e r .  T h e  i m p r o v e d  r o l l  

s t i f f n e s s  o f  t h e  m o d i f i e d  d o u b l e  c o n v o l u t e  a i r  b a g s , r e c o m m e n d e d  . 

f o r  t h e  f i n a l  d e s i g n ,  w i l l  e l i m i n a t e  t h e  n e c e s s i t y  o f  a d d i t i o n a l  

i n t e r - a i r  s p r i n g  o r i f i c i n g  a n d  w i l l  a l l o w  r e s p o n s e  t i m e s  a s  s h o w n  

o n  t h e  M a r c h  t e s t  r n n .

F i g u r e  5 - 2 2  s h o w s  t h e  p e r f o r m a n c e  o f  t h e  t i l t  b o d y  s y s t e m
/

o n  a  c u r v e  w h e r e  t h e  s u p e r e l e v a t i o n  s t a r t s  o n  t h e  s t r a i g h t  p o r t i o n  

o f  t r a c k  p r i o r  t o  t h e  c u r v e  a n d  e n d s  o n  t h e  s t r a i g h t  p o r t i o n  o f  

t r a c k  a f t e r  t h e  c u r v e .  T h i s  p r a c t i c e  i s  o f t e n  u s e d  i n  c u r v e s  

w h e r e  s u f f i c i e n t  s p a c e  i s ^ n o t  a v a i l a b l e  f o r  e n t r y  a n d  e x i t  s p i r a l s .  

A s  t h e .  t i l t  b o d y  c a r  a p p r o a c h e s  t h e  c u r v e ,  t h e  l a t e r a l  t r u c k  c o m - ,  

m an d  a c c e l e r a t i o n  b u i l d s  u p  d u e  t o  t h e  s u p e r e l e v a t i o n  a n d  t h e  

c a r b o d y  i s  t i l t e d  t o  b r i n g  i t  l e v e l .  O n c e  i t  e n t e r s  t h e  c u r v e ,  

t h e  c e n t r i f u g a l  a c c e l e r a t i o n  e x c e e d s  t h a t  g e n e r a t e d  b y  t h e  s u p e r 

e l e v a t i o n  a n d  t h e  c a r  f i r s t  u n t i l t s  t h e n  t i l t s  i n t o  t h e  c u r v e .

T h e  s y s t e m . d o e s  n o t  t i l t  t h e  c a r  t o  t h e  f u l l  4 °  s i n c e  t h e  c a r  i s
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t r a v e l i n g  w i t h  a c a n t  d e f ic ie n c y  o f  9" v e rs u s  th e  7" f o r  w h ic h  

th e  s y s te m  was d e s ig n e d . A t th e  end o f  th e  c u r v e ,  th e  c a n t  d e f i 

c ie n c y  i s  re d u c e d  t o  th e  7 ” l e v e l  and th e  s y s te m  r o t a t e s  th e  

c a rb o d y  to  th e  f u l l  4°  as can be se en  i n  th e  t r a c e  o f  th e  t i l t  

c y l in d e r  d is p la c e m e n t .  I n  th e  c u rv e d  s e c t io n ,  th e  a c c e l e r a t i o n  

l e v e l  i s  re d u c e d  by . ,0 3 g 's  ev en  th o u g h  we a r e  o p e r a t in g  th e  s y s te m  

a t  a c a n t  d e f i c i e n c y  h ig h e r  th a n  th e  d e s ig n  p o i n t .

The t i l t  body s y s tem  o p e ra te s  e f f e c t i v e l y  on c u rv e s  w i t h  

s u p e r e le v a t io n  on th e  s t r a i g h t  p o r t io n  o f  t r a c k  le a d in g  i n t o ; and  

o u t o f  c u r v e s .

I n  o r d e r  t o  m in im iz e  th e  e f f e c t  o f  th e  p r e - s u p e r e l e v a t io n ,  

th e  am ount s h o u ld  be l i m i t e d  to  a b o u t 2" p r i o r  to  th e  c u r v e .

F ig u r e  5 - 2 3  shows th e  p e r fo rm a n c e  o f  th e  s y s te m  i n  th e  a r e a  

o f  C u rv e  #121.  O f m a jo r  i n t e r e s t  on t h i s  d a ta  i s  th e  m a g n itu d e  

o f  th e  t r a n s i e n t  a c c e le r a t io n s  on th e  s t r a i g h t  p o r t io n s  o f  t r a c k  

com pared to  th e  a c c e le r a t io n s  e x p e r ie n c e d  i n  th e  c u r v e .  From  th e  

d a t a ,  i t  a p p e a rs  t h a t  i n  a d d i t io n  t o  a t i l t  body s y s te m , th e  

l a t e r a l  s u s p e n s io n  sh o ck  a b s o rb e rs  s h o u ld  be tu n e d  f o r  th e  t r a n 

s ie n t  in p u t s ,  n o t  th e  s te a d y  s t a t e  i r r e g u l a r i t i e s  as th e y  

p r e s e n t ly  a r e .  T h is  r e t u n in g ,a lo n g  w i t h  th e  h ig h e r  r o l l  s t i f f n e s s  

a i r  b a g s , w i l l  h a ve  th e  g r e a t e s t  im p a c t on f u r t h e r  im p ro v in g  r i d e  

q u a l i t y .
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The t o t a l  num ber o f  t i l t  s y s te m  a c t u a t io n s  on th e  M a rc h  ru n  

w estb o u n d  b e tw e e n  P ro v id e n c e  and New H aven  was 108 c y c le s .  On a - 

' t y p i c a l  J u ly  t e s t  r u n ,  th e  num ber was 8 0 . The p r o je c t e d  n o rm a l ru n  

o v e r  t h i s  s e c t io n  o f  t r a c k  w i t h  a l l  s y s te m  im p ro v e m e n ts  in c o r p o r a t e d ,  

no slow dow ns f o r  t r a c k  w o rk , and m a in t a in in g  a 6" maximum s u p e r e le 

v a t io n  sp eed  w i t h  a speed  p r o f i l e  s i m i l a r  t o  t h a t  a p p ro v e d  f o r  th e  

LRC lo c o m o t iv e  s h o u ld  r e s u l t  i n  86 a c t u a t io n s  o f  th e  s y s te m . B ased  

on t h i s  num ber o f  a c t u a t io n s  and an a v e ra g e  sp eed  o f  79 m ph, th e  r a t e  

o f  t i l t  c y c le s  i s  1 p e r  m in u te ,  r e s u l t i n g  i n  a l e v e l  c o n s u m p tio n  o f  

3^2 s ta n d a r d  c u b ic  f e e t  p e r  m in u te  (SCFM) p e r  c a r .  I n  a r e a s  w h ere  

c u rv e s  a r e  c lo s e ly  sp aced  w i th  a maximum o f  t h r e e  t i l t s  p e r  m in u te ,  

th e  s y s te m  ca n  be- e x p e c te d  to  consume a i r  a t  a maximum r a t e  o f  10  

SCPM p e r  c a r ,  w e l l  w i t h in  th e  c a p a c i ty  o f  th e  tw o  ( 2 )  3 .4  c u b ic  f e e t  

a i r  a c c u m u la to r  and t r a i n  l i n e  s u p p ly  r a t e .

6 . 0  A I R  CONSUMPTION ESTIMATES
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7 .0  MAINTENANCE IM PLIC A TIO N S

The Budd T i l t  Body S ystem  u ses a i r  and e l e c t r i c a l  p o w er and  

s tu r d y  m e c h a n ic a l  com ponents t o  p ro d u c e  a sy s te m  t h a t  i s  c o m p a t ib le  

w i t h  th e  u n d e r - c a r  e n v iro n m e n t and t h a t  w i l l  be f a m i l i a r  t o  c a r  

m a in te n a n c e  p e r s o n n e l .  The e l e c t r o n ic  c o n t r o l l e r  i s  c o n f ig u r e d  on 

w ir e  w rap  b o a rd s  i n  a m e ta l  c o n t a in e r  and w i l l  be m o u n ted  i n  th e  

e l e c t r i c a l  l o c k e r .  The a c c e le r o m e te r s  a r e  m oun ted  on th e  t r u c k  

b o l s t e r  i n  a w e a t h e r - t i g h t  box and i s  c o n n e c te d  t o  t h e - c o n t r o l l e r  

th ro u g h  w e a t h e r - p r o o f  c a b le s  s i m i l a r  t o  th o s e  u sed  on th e  e x i s t i n g  

w h e e l sp eed  s e n s o rs .

Upon re m o v a l o f  t h e  t i l t  s y s te m  f o r  th e  r e t u r n  o f  t h e  t e s t  c a r  

t o  a s ta n d a r d  A m f le e t  I  c o n f ig u r a t io n  and re v e n u e  s e r v i c e ,  a l l  o f  

th e  rem o ved  e q u ip m e n t was c lo s e ly  in s p e c te d  f o r  s ig n s  o f  w e a r ,  

f a t i g u e ,  w e a t h e r in g ,  o r  o t h e r  d e g r a d a t io n .  A l l  e l e c t r i c a l  e q u ip m e n t  

was i n  e x c e l l e n t  s h a p e . The a i r  c y l in d e r s  showed no s ig n s  o f  w e a r  

o r  r u s t .  The  t o r s io n  b a r  b u s h in g s  w e re  i n  good s h a p e , t h r e e  o f  th e  

f o u r  d o w n sto p s  w e re  i n  good c o n d i t io n .  The f o u r t h  had a lo o s e  

r e t a i n i n g  c o l l a r  a n d , as a r e s u l t ,  showed s ig n s  o f  w e a r w h e re  th e  

s to p  was h e ld  i n  c o n ta c t  w i th  th e  s p r in g  p la n k .  A l l  b r a c k e t s ,  m a n i

f o l d s ,  t o r s io n  b a r s ,  a rm s , r e g u l a t o r s ,  v a lv e s ,  and a c c u m u la to rs  w e re  

i n  e x c e l l e n t  c o n d i t io n .  The t i l t  arm  end b u s h in g s  w e re  n o t  s e a le d  

d u r in g  t e s t i n g  r e s u l t i n g  i n  c o r r o s io n  a t  th e  r e t a i n i n g  b o l t .  I n  

th e  f i n a l  d e s ig n ,  th e  b u s h in g s  w i l l  be s e a le d  o r  th e y  w i l l  be r e p la c e d  

w it h  a r u b b e r  b u s h in g .

D u r in g  t e s t i n g  i n  J u ly ,  th e  a i r  v a lv e s  f e e d in g  th e  l e v e l i n g
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v a lv e  on th e  t e s t  c a r  w ere  a l l  r e p l a c e d . t o  s o lv e  a p e r s i s t e n t  lo s s  

o f  a i r  p r e s s u r e  p ro b le m . C o n ta m in a t io n  o f  th e  d o u b le  c h e c k  v a lv e  

w it h  i t s  c lo s e  f i t t i n g  s l i d i n g  s p o o l i s  s u s p e c te d  as th e  ca u s e  o f  

th e  p r o b le m . Th ese  a i r  v a lv e s  a r e  p r e s e n t  on a l l  A m f le e t  I  and I I  

c a rs  t o  a s s u re  a s u p p ly  o f  a i r  to  th e  a i r  s p r in g s  fro m  e i t h e r  th e  

b ra k e  p ip e  o r  th e  m a in  a i r  l i n e .  The same a s s u re d  s u p p ly  c o u ld  be 

made a v a i l a b l e  by ru n n in g  a s in g le  l i n e  w i t h  a s in g le  f i l t e r ,  c h e c k  

v a lv e ,  o r i f i c e ,  and l e v e l i n g  v a lv e  to  e a c h  t r u c k  fro m  th e  m a in  a i r -  

r e s e r v o i r  s in c e  t h i s  r e s e r v o i r  i s  s u p p l ie d  w i t h  a i r  a t  a l l  t im e s  

fro m  th e  m a in  a i r  l i n e  o r  fro m  th e  b ra k e  l i n e  th ro u g h  th e  b ra k e  v a lv e s  

The r e s u l t i n g  s i m p l i c i t y  s h o u ld  g r e a t l y  re d u c e  a i r  s p r in g  r e l a t e d  

m a in te n a n c e  on a l l  A m f le e t  c a r s .
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8 . 0  F IN A L  CONFIGURATION

The f i n a l  c o n f ig u r a t io n  o f  th e  Budd T i l t  Body S ystem  w i l l  

i n c o r p o r a t e  -

•  The f i l t e r i n g  o f  a c c e le r o m e te r  s ig n a ls  used  i n  th e  J u ly  t e s t .

•  The s e le c t e d  t i l t  s e t  p o in t s  w i l l  be . 0 4 g f s t o  t i l t  and . 0 2 g 's  

to  r e t u r n  t o  n o rm a l to  re d u c e  e x tra n e o u s  a c t u a t io n s  o f  th e  t i l t  

sy s te m  and t o  a c h ie v e  minim um  a i r  c o n s u m p tio n .

• The m e c h a n ic a l do w n sto p s w i l l  h ave  a m ore d u r a b le  c o l l a r  

r e t a i n e r .

• T h e  t i l t  arm  end b u s h in g s  w i l l  be s e a le d  o r  r e p la c e d  w i t h  a 

r u b b e r  b u s h in g  t o  p r e v e n t  c o r r o s io n .

•  The s i z e  o f  th e  a i r  l i n e  f e e d in g  th e  a i r  p i l o t  v a lv e s  w i l l  be 

in c r e a s e d  f o r  im p ro v e d  re s p o n s e .

• T h e  t r i p l e - c o n v o l u t e  a i r  s p r in g  w i l l  be r e p la c e d  w i t h  a m o d i

f i e d  d o u b le  c o n v o lu te  a i r  s p r in g  f o r  in c r e a s e d  r o l l  s t i f f n e s s  d u r in g  

n o n - t i l t i n g  o p e r a t io n s .

•T h e  i n t e r - c a r  d o o r d ia p h ra g m  fa c e  s e a l  w id th  w i l l  be in c r e a s e d  

t o  accom m odate r e l a t i v e  r o l l  b e tw e e n  c a rs  w i th o u t  o p e n in g  an a i r  

g a p . '

•T h e  a i r  s u p p ly  to  th e  l e v e l i n g  v a lv e s  w i l l  be m o d i f ie d  t o  a 

s in g le  l i n e  t o  e a ch  t r u c k  fro m  th e  m ain  a i r  r e s e r v o i r .

•T h e  l a t e r a l  sh o ck  a b s o rb e rs  w i l l  be tu n e d  t o  m in im iz e  th e  

re s p o n s e  t o  t r a n s i e n t  t r a c k  In p u t s .
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9 .0  SUMMARY

The. BUdd T i l t  Body S ystem  E v a lu a t io n  P ro g ram  e n jo y e d  th e  

c o o p e r a t io n  o f  FRA, A m tra k , and ENSCO,- I n c .  w h i le  d e m o n s tr a t in g  

t h a t  t i l t  t r a i n  o p e r a t io n  i n  th e  N o r th e a s t  C o r r id o r  w i l l  re d u c e  t r i p  

t im e s  and m a in t a in  p a s s e n g e r  c o m fo r t .  In c r e a s e d  c u r v in g  sp eed s a r e  

p o s s ib le  u s in g  a s im p le ,  a f f o r d a b l e  A m f le e t  r e t r o f i t  t i l t  s y s te m .

The Budd Company s ta n d s  re a d y  to  p r o v id e  t h e  m a n u fa c tu r in g  and  

i n s t a l l a t i o n  n e c e s s a ry  t o  add t h i s  sy s tem  t o  A m f le e t  c o ac h es  t o  p r o 

v id e  e n t i r e  t i l t  t r a i n s  f o r  an y  lo c a t io n  i n  th e  c o u n t r y  w h e re  

num erous c u rv e s  a r e  l i m i t i n g  s c h e d u le  im p ro v e m e n ts .
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TEST PLAN

BUDD T IL T  SUSPENSION 

R EV IS IO N  B 2 /2 5 /8 2

The o b je c t iv e  o f  th e s e  t e s t s  i s  t o  d e m o n s tra te  th e  a b i l i t y  o f  

th e  new Budd T i l t  S ystem  t o  in c r e a s e  th e  c u r v in g  sp eed  o f  a r e t r o f i t t e d  

Amcoach w i th o u t  in c r e a s in g  th e  l a t e r a l  a c c e le r a t io n s  e x p e r ie n c e d  by  

th e  p a s s e n g e rs  and t o  v e r i f y  th e  c o m p lia n c e  o f  t h i s  c a r  w ith ,  th e  c l e a r 

an ce  c o n s t r a in t s  o f  th e  N o r th e a s t  C o r r id o r .

The i n i t i a l  t e s t s  w i l l  be c o n d u c te d  w i t h i n  th e  c o n f in e s  o f  th e  

W ilm in g to n  y a r d .  The c o n t r o ls  w i l l  be a r t i f i c i a l l y  e x c i t e d  t o  show  

how th e  sy s te m  r e a c t s  and t o  m easu re  th e  t im e ,  d is p la c e m e n t ,  v e l o c i t y  

an d  a c c e le r a t io n  o f  t h i s  r e a c t i o n .  I n i t i a l  t u n in g  o f  th e  p n e u m a tic  

sy s tem  w i l l  be p e r fo rm e d  a t  t h i s  t im e  t o - o b t a in  t i l t  p e r fo rm a n c e  n e a r  

th e  a n t i c i p a t e d  o p tim u m . U n d er c a r  t r u c k  c le a r a n c e s  w i l l  be c h e c k e d  

a t  maximum c u r v in g  .a n g le s .  A s t a t i c  le a n  t e s t  w i l l  be c o n d u c te d  t o  

m easu re  th e  l a t e r a l  d is p la c e m e n t  and le a n  a n g le  o f  th e  c a r  on a 6" 

s u p e r e le v a t e d  t r a c k .  -

A f t e r  c o m p le t io n  o f  y a rd  t e s t s ,  th e  t e s t  c a r  w i l l  be c o u p le d  i n t o
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a t e s t  c o n s is t .  The p r e f e r r e d  t e s t  c o n s is t  w i l l  be f o u r  c a rs  and a 

lo c o m o t iv e .  A s ta n d a r d  Amcoach w i l l  be c o u p le d  t o  th e  lo c o m o t iv e

—i
f o l lo w e d  by th e  t e s t  c a r ,  th e n  th e  c o n t r o l  c a r ,  w h ic h  i s  a ls o  a

s ta n d a rd  Am coach, and th e n  a f i n a l  Am coach. T h is  c o n f ig u r a t io n  i s

th e  m ost d e s i r a b l e ,  s in c e  i t  i s o l a t e s  th e  t e s t  c a r  and th e  c o n t r o l

c a r  fro m  u n d e s ir a b le  s id e  e f f e c t s .c a u s e d  by th e  lo c o m o t iv e  on th e

le a d  c a r ,  and fro m  e x c e s s iv e  sway e x p e r ie n c e d  i n  th e  l a s t  c a r  o f  a

t r a i n .  An a l t e r n a t e  t h r e e  c a r  and one lo c o m o t iv e  c o n s is t  i s  le s s

d e s i r a b le  b u t  a c c e p ta b le  i f  th e  a d d i t i o n a l  Amcoach i s  n o t  a v a i l a b l e .

T h is  a l t e r n a t e  c o n f ig u r a t io n  w i l l  be c o u p le d  as  f o l lo w s :  lo c o m o t iv e ,

c o n t r o l  c a r ,  t e s t  c a r ,  and s ta n d a rd  Am coach. The c o n t r o l  Amcoach

w i l l  h ave  r e c e n t l y  r e f u r b is h e d  t r u c k s .  The c a rs  w i l l  be in s t r u m e n te d

f o r  ro a d  t e s t s  and a l l  w h e e ls  w i l l  be t a p e d .  The lo c o m o t iv e  n eed
*

n o t  be added t o  th e  c o n s is ts  u n t i l  th e  in s t r u m e n t a t io n  has b een  

a d d e d . The t r a i n  in te r c o m  w i l l  be u sed  f o r  c o m m u n ic a tio n  b e tw e e n  th e  

lo c o m o t iv e  and th e  t e s t  c a r .  A r i d e r  i n  th e  lo c o m o t iv e ,  a lo n g  w i t h  

th e  e n g in e e r ,  w i l l  be u sed  t o  c a l l  o u t m i le p o s ts  and c u rv e  num bers  

t o  th e  t e s t  p e r s o n n e l .
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The t e s t  c o n s is t  w i l l  be o p e ra te d  u n d e r  c o n d i t io n s  and p ro c e d u re s

a p p ro v e d  by th e  c le a r a n c e  g ro u p  o f  A m tra k .

Upon s a t i s f a c t o r y  c o m p le t io n  o f  th e  c le a r a n c e  t e s t s  and a p p r o v a l

o f  t h i s  t e s t  p l a n ,  a h ig h  speed  ru n  w i l l  be made o v e r  th e  p o r t io n  o f

th e  N o r th e a s t  c o r r id o r  fro m  New H aven  t o  P r o v id e n c e .

A f t e r  t u r n in g  th e  t r a i n  a ro u n d  i n  P ro v id e n c e  o r  B o s to n , a r e t u r n

ru n  o v e r  th e  se co n d  t r a c k  fro m  P ro v id e n c e  t o  New H aven  w i l l  be m ade.

The sp eed  p r o f i l e  p r e s e n te d  i n  th e  t r a c k  c h a r t  w i l l  be f o l lo w e d ,

d e v e lo p in g  c a n t  d e f i c i e n c i e s  and e x c e s s  l a t e r a l  a c c e le r a t io n s  as

shown. The sp eed s s e le c t e d  a r e  w i t h in  th e  maximum sp eeds s e t  down

i n  p a ra g ra p h  ( P ) ,  NEC B u l l e t i n  O rd e r  No. 3 - 1 6 .  A f t e r  a c t i v a t i n g  th e

sy s tem  w h i le  s to p p e d  i n  New H a v e n , sp eed s, w i l l  be g r a d u a l ly  in c r e a s e d

t o  o b t a in  s e q u e n t ia l  in c r e a s e s  i n  c a n t  d e f i c i e n c y  and r e a l  t im e  e v a l -
*

u a t io n  o f  p e r fo rm a n c e .

The f o l lo w in g  m easu rem en ts  w i l l  be made and r e c o r d e d  on m a g n e tic  

t a p e  d u r in g  th e  t e s t  r u n .  The ta p e  t r a c k  num ber i s  shown i n  p a r e n 

t h e s e s .
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L a t e r a l  A c c e le r a t io n  -  a c c e le r o m e te r s  w i l l  be s e t  up t o  m easu re  

th e  l a t e r a l  a c c e le r a t io n s  a t  f l o o r  h e ig h t .  The d i f f e r e n c e  b e tw e e n  

th e s e  l a t e r a l  a c c e le r a t io n s  i s  th e  im p ro v e m e n t due t o  th e  t i l t  body  

s y s te m . A seco n d  s e t  o f  a c c e le r o m e te r s  w i l l  be s e t -u p  a t  t h e  fo r w a r d  

end o f  th e  t e s t  c a r  ( # 4 )  and c o n t r o l  c a r  ( # 5 )  o v e r  th e  t r u c k  a t  f l o o r  

h e ig h t  t o  m e a s u re  th e  l a t e r a l  a c c e l e r a t i o n .  The d i f f e r e n c e  b e tw e e n  

t h i s  l a t e r a l  a c c e l e r a t i o n  and th e  l a t e r a l  a c c e l e r a t i o n  a t  th e  m id d le  

o f  th e  c a r  i s  a m ea su re  o f  th e  yaw o f  th e  c a rb o d y .

V e r t i c a l  A c c e le r a t io n  -  a c c e le r o m e te r s  w i l l  be i n s t a l l e d  i n  th e  

m id d le  o f  th e  t e s t  c a r  a t  th e  s id e s  ( r i g h t  # 6 , l e f t  # 7 )  t o  m e a s u re  

th e  v e r t i c a l  a c c e l e r a t i o n .  Th ese  m ea su re m e n ts  a r e  a means o f  g a u g in g  

th e  v e r t i c a l  c o m fo r t  and th e  d i f f e r e n c e  a- gauge o f  r o l l  c o m fo r t .

T ru c k  A c c e le r a t io n  -  one o f  th e  s y s te m  c o n t r o l  a c c e le r o m e te r s
1 ' *

m ounted on th e  b o l s t e r  o f  th e  le a d  t r u c k  o f  th e  t e s t  c a r  w i l l  be u sed  

t o  m easu re  l a t e r a l  a c c e le r a t io n s  ( # 1 ) .  The d i f f e r e n c e  b e tw e e n  t h i s  

a c c e l e r a t i o n  and t h a t  o f  th e  c a rb o d y  i s  an  i n d i c a t o r  o f  th e  e f f e c t  

o f  th e  t i l t e d  b o d y . An a c c e le r o m e te r  w i l l  be m oun ted  on th e  j o u r n a l  

h o u s in g  ( # 8 )  t o  m ea su re  v e r t i c a l  a c c e l e r a t i o n .  ^
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D is ta n c e  and Speed -  th e  sp eed  o f  th e  c a r  w i l l  be re c o rd e d  (# 9 ) . .  

The speed  s ig n a l  w i l l  be th e  same s ig n a l  w h ic h  I s  u s ed  t o  l i m i t  th e  

t i l t  o p e r a t io n .  T h is  s ig n a l  i s  o b ta in e d  by c o u n t in g  p u ls e s  fro m  a 

g e a r  m ounted  on th e  a x le  -  i t  i s  th e  same g e a r  u sed  i n  th e  s l i p - s l i d e  

s y s te m . M u l t i p l e s  o f  a x le  r o t a t i o n  w i l l  be r e c o rd e d  as b l i p s  on t h i s  

r e c o r d .  T h e se  b l i p s  a r e  d is t a n c e  i n d i c a t o r s .

T o r s io n  B a r S t r e s s  -  a s t r a i n  gauge w i l l  be m oun ted  on th e  s u r 

fa c e  o f  th e  t o r s io n  b a r  to  m easu re  th e  s h e a r  s t r e s s  i n  th e  b a r  ( # 1 0 ) .  

T h is  s t r e s s  i s  a m easu re  o f  th e  to r q u e  and an a n g le  o f  t w i s t  o f  th e  

t o r s io n  b a r .  The t o r s io n  b a r  w i l l ' - b e  c a l i b r a t e d  p r i o r  t o  i n s t a l l a t i o n  

on th e  c a r .

T i l t  S ig n a l  -  th e  e l e c t r i c  s ig n a ls  w h ic h  ca u s e  th e  c a r  to  t i l t  

l e f t  o r  t i l t  r i g h t  w i l l  be r e c o rd e d  on one c h a n n e l ( # 1 1 ) .

C y l in d e r  D is p la c e m e n t  -  th e  d is p la c e m e n t  o f  th e  t i l t  a c t u a t in g  

c y l in d e r  w i l l  be m easu red  ( # 1 2 ) .

C y l in d e r  P re s s u re  -  th e  p r e s s u r e  i n  b o th  ends o f  one t i l t  a c t u 

a t i n g  c y l i n d e r  w i l l  be m e a s u re d . The d i f f e r e n c e  i n  p r e s s u r e  b e tw e e n  • 

th e  tw o ch am bers i s  a m easu re  o f  th e  f o r c e  r e q u i r e d  t o  t i l t  th e  c a r .
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O n ly  one p r e s s u r e  i s  r e c o rd e d  a t  a t im e  a t  th e  o p t io n  o f  t e s t  p e rs o n 

n e l  ( # 1 3 ) •

T ru c k  Yaw„ -  th e  le a d  t r u c k  yaw a n g le  w i l l  be r e c o rd e d  to  i n d i c a t e  

s u rv e  a n g le  ( # 1 4 ) .

I n  a d d i t i o n  t o  th e  m a g n e tic  ta p e  r e c o r d e r ,  a p a p e r  ta p e  r e c o r d e r  

w i l l  be u sed  t o  m o n ito r  and com pare th e  d a ta  b e in g  r e c o rd e d  on th e  

m a g n e tic  t a p e .  A v o ic e  c h a n n e l i s  p ro v id e d  on th e  m a g n e t ic  ta p e  to  

r e c o r d  lo c a t io n s  and o t h e r  i n t e r e s t i n g  e v e n ts  d u r in g  th e  t e s t .

The e n t i r e  t r a i n  w i l l  be tu r n e d  a ro u n d  i n  P ro v id e n c e  o r  B o s to n  

so as t o  m a in t a in  th e  same r e l a t i v e  p o s i t io n s  o f  a l l  t h e  in s t r u m e n ts  

f o r  th e  r e t u r n  t r i p .

F o l lo w in g  th e s e  t e s t s ,  th e  d a ta  w i l l -  be r e v ie w e d ,  e v a lu a t e d ,

and p r e s e n te d  i n  th e  f i n a l  r e p o r t .*
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Demonstration of the Budd Company Amcoach Tilt 
Body System, W  Clark Dean, James M Herring, Jr, 
1983 -23-Passenger Operations




